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CHAPTER 1. GENERAL INTRODUCTION 
Dissertation Organization 
The general introduction contains a brief discussion of the evolution of the use 
of chemicals for weed control in the last half-century then leads into biotechnological 
advances in soybean of present day that aid in chemical weed management. This is 
followed by the justification and objectives of this research. A literature review is also 
included that contains information on soybean production, weed management, the 
development of herbicide resistant soybean, soybean arthropods, and economically 
assessing the new weed management systems. Following the general introduction, there 
are four papers. The first and second papers examine the effects of weed management 
systems on canopy and surface active arthropods, respectively, in herbicide tolerant 
soybeans. A third paper evaluates the economic retum in herbicide tolerant Iowa 
soybeans. The final paper considers the use of CoUembola as possible indicators of 
environmental quality within herbicide tolerant soybean systems. A general conclusion 
follows the fourth paper. References cited in the general introduction are listed after the 
general conclusions. 
Introduction 
Since the begiiming of organized agriculture, hiunans have had to compete with 
biotic and abiotic factors that affect crop production. One of these factors is weeds. 
Before the middle of the twentieth century, weed control in agriculture was primarily 
accomplished by mechanical means. However, with the development of 2,4-D in the 
1940's, weed control shifted to the heavy use of chemical herbicides (Alder et al. 1976). 
This event coincided with the switch to heavy use of chemical insecticides for insect 
control after the discovery of the insecticidal properties of DDT (Ware 1994). These 
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two events ushered in the era of chemicals as the "silver bullet" required for successful 
agricultural production. 
In recent years however, the public concern over the effects of pesticides on 
humans and the environment has prompted government and industry to search for ways 
of reducing overall pesticide use while maintaining acceptable yields in agriculture. 
One of the ways to reduce overall pesticide use is through the development of crops that 
are resistant to broad-spectrum herbicides, which could reduce the need for multiple 
herbicide applications. 
Recent advances in biotechnology have given scientists the ability to alter a 
plant's genotype quickly without having the delays normally associated with 
conventional plant breeding programs. This technology also gives scientists the ability 
to produce plants with genotypes that would otherwise be impossible to produce. 
One crop that has been genetically altered to be less susceptible to herbicide 
injury, using both transgenic technology and conventional breeding, is soybean. Glycine 
max (L.) Merrill. Iowa ranks first in soybean production with more than 10.5 million 
acres planted in 1997, resulting in 483 million bushels produced and more than $3 
billion income (Iowa Agricultural Statistic Service, 1998). In the last decade, com and 
soybean cropping practices have changed considerably. Indeed, management tactics 
such as shorter cropping rotations, reduced row widths, earlier planting dates, and 
herbicide-resistant varieties all are examples of more recently developed strategies to 
maximize yields. 
However, growers still struggle with pest management decisions. One of the 
most serious pest problems for Iowa soybean growers is competition from weeds. In 
the last decade alone, over 95 percent of the com and soybean acres planted in the 
United States have been treated with herbicides (Duffy 1998). Currently, there are 
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soybean varieties developed that are either resistant or tolerant to glyphosate, 
glufosinate and sulfonylurea herbicides. Although this technology is seen by many as a 
tool to decrease environmental pesticide inputs and increase farmer profits, research is 
needed to determine the effects of these soybean varieties and weed management 
systems on the arthropod fauna which are an important component of soybean 
ecosystems. 
When any new factor (seed variety, weed management system, etc.) is added to 
a crop production system, it is important to understand the effects of introducing that 
factor. Undesirable and unpredictable effects may alter the ecological integrity of the 
existing agroecosystem. Knowledge of whether introduced factors have beneficial or 
deleterious effects could help in deciding whether or not to use those factors in 
production agriculture. Also, an understanding of how those factors affect potential 
grower revenue is necessary to better quantify the economic feasibility of incorporating 
them into wide-scale crop production. 
Objectives 
1) To understand the impact of new herbicide-resistant management systems on 
populations of soybean pests. 
2) To determine the ecological impact of herbicide-resistant soybean varieties and 
associated herbicides on beneficial insects in these new-technology systems. 
3) To assess the economic feasibility of these weed management systems and soybean 
varieties for their practicality in production agriculture. 
Literature Review 
Soybean Production. The United States is the leader in soybean production, 
providing about 47 percent of the total world production. In 1995, seven midwestem 
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states, with Iowa leading, accounted for 73 percent of United States soybean production. 
Again in 1997, Iowa ranked first with 483 million bushels (Iowa Agricultural Statistic 
Service 1998). Soybean production in Iowa has increased over time, and the systems 
used to grow have changed over time. 
One area in which soybean production has changed is in tillage practices. 
Moldboard plowing in the fedl, with disking and harrowing in the spring for seedbed 
preparation, followed by planting in 40-inch rows at 10-12 seeds per foot of row (100-
cm rows, 33-40- seeds per meter of row) was the traditional tillage practice in soybean 
production earlier in this century (Tanner and Hume 1978). While this method is 
effective in preparing the soil, it also leaves the soil unprotected from erosion and more 
susceptible to hardpan formation by being bare from vegetation (Schafer 1991). 
Conservation tillage is one method of addressing these problems and better protecting 
the soil for future use. 
The term "conservation tillage" is defined as any tillage and planting system that 
leaves at least 30 percent of the soil surface covered by residue, after planting, to reduce 
soil erosion by water and includes no-till, ridge-till, strip-till, mulch, and reduced-till 
practices (Conservation Tillage Information Center 1984). The trend towards these 
conservation tillage practices continues to increase, with about 25 percent of the 
soybean acres planted in Iowa in 1995 being no-till acres (Whigham 1996). This 
reduction in tillage also has created areas in which survival of insects and weeds has 
improved (Larson et al. 1970). One way of addressing the additional weed potential in 
reduced tillage production is by utilizing soybean varieties that are resistant to broad-
spectrum herbicides. This method allows removal of weed competition without the 
deleterious effects of disturbing the soil and increasing erosion. 
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Weed Management. A simple definition of a weed has been a plant that is out 
of place or that is growing where it is not wanted (Hartzler 1997). By this definition, it 
is expected that weeds are common in many agronomic situations. Indeed, weeds occur 
in nearly one billion acres of range and pasture land in the United States and in all land 
under crop production (Ashton and Monaco 1991). The most serious threat posed by 
weeds to crop production is competition with desired crop plants for resources such as 
water, light, and soil nutrients (Hartzler 1997), It has been estimated that there is a loss 
of over $6 billion armually in the United States alone (Aldrich and Kremer 1997). Thus, 
there is a definite need for developing methods for managing weed populations. 
Several methods can be used in weed management. Anderson (1996) included 
preventive, cultural, mechanical, biological, and chemical tactics as means that could be 
used for weed management. While all of these tactics have been used to some extent, 
application of herbicides has been the most popular method. In 1950 there were only 15 
basic herbicides, but by 1974 there were more than 180, with approximately 6,000 
formulated products (Sils 1982). This increase in herbicide development preceded the 
growth in the use of herbicides for weed management. In the last decade alone, over 
95% of the com and soybean acres planted in the United States have been treated with 
herbicides (Duffy 1998), However, Hartzler and Pitty (1997) reported that the 
development of new herbicides has decreased since 1980 due to increased research and 
discovery costs. Advances in biotechnology offer new weed management options. One 
of these new options is genetically altered soybean that are resistant to broad-spectrum 
herbicides. 
Development of Herbicide-Resistant Soybean. Biotechnology utilizes three 
physiological mechanisms by which a crop can become resistant or tolerant to a 
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herbicide. These are: I) reduced sensitivity at the molecular site of action or by 
increasing the number of molecular sites; 2) degradation of the herbicide by metabolic 
processes within the plant; and 3) avoidance of the herbicide through sequestration of 
absorbed herbicides or by lack of herbicide uptake (Duke et al. 1991). The first two 
mechanisms have been used by scientists to genetically engineer crops that are less 
susceptible to herbicide injury. Two varieties of soybeans have been genetically altered 
to be resistant to the herbicides glyphosate and glufosinate. A third variety has been 
developed, through conventional plant breeding, to be tolerant to sulfonylurea 
herbicides. 
Glyphosate obtains its herbicidal activity from its ability to block an enzyme, 5-
enolpyruvyl-shikimate 3-phosphate synthase (EPSP synthase), which is produced only 
in green plants and is involved in aromatic amino acid biosynthesis (Baum 1993). Two 
methods have been used to incorporate glyphosate resistance in soybeans. First, 
additional copies of the EPSP synthase gene have been incorporated into plant genomes, 
allowing those plants to produce an increased amount of the enzyme. Secondly, 
microbial genes to degrade glyphosate have been incorporated into the soybean genome 
(Baum 1993). Glufosinate resistance was developed by incorporating a microbial gene 
that can detoxify the herbicide (DeBlock et al.l987). The sulfonylurea herbicides act by 
inhibition of acetolacetate synthase (ALS) (Brown et. al 1990). Subsequent breeding 
stock of seedlings tolerant to sulfonylurea herbicides was developed in a conventional 
breeding program by selecting soybean seedlings that contain a gene that can 
metabolize the herbicide (Freiberg 1990). 
The development of these herbicide-resistant soybean varieties provides new 
tools for weed management. However, effects on the agroecosytem of adopting these 
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systems have not been fully investigated. This is particularly true of soybean 
arthropods-
Soybean Arthropods. The soybean arthropod complex is composed of 
hundreds of species (Zeiss and Klubertanz 1994). Species in the complex can be 
considered pests, natural enemies, and decomposers. However, only a relative few are 
considered major, or even minor, pests. Major pests of soybeans in the United States 
include velvetbean caterpillar {Anticarsia gemmatalis HUbner), soybean looper 
(Pseudoplusia includens (Walker)), green cloverworm ifiypena scabra (F.)), Mexican 
bean beetle {Epilachna varivestis Mulsant), twospotted spider mites {Tetranychus 
urticae Koch), bean leaf beetle (Cerotoma trifiircata (Forster)), southern green stink 
bug (Nezara viridula (L.)), green stink bug (Acrosternum hilare (Say)), com earworm 
(Helicoverpa zea (Boddie)), and threecomered alfalfa hopper (Spissistilus festinus 
(Say)). Minor pests of soybeans include blister beetles (Meloidae), Japanese beetle 
{Popillia japonica Newman), beet armyworm (Spodoptera exigua (Hubner)), cabbage 
looper {Trichoplusia ni (Hiibner)), grasshoppers (Acrididae), thrips (Thripidae), aphids 
(Aphididae), potato leafhopper {Empoasca fabae (Harris)), brown stink bug (Euschistus 
servus (Say)), and tobacco budworm (Heliothis virescens (F.)). Of these pests, bean leaf 
beetle, green cloverworm potato leafhopper, differential grasshopper {Melanoplus 
dijferentialis (Thomas)), redlegged grasshopper {Melanoplus femurrubrum (DeGeer), 
and twospotted spider mites can impact soybean yield in Iowa. 
Also inhabiting the soybean agroecosystem with the pest species are several 
natural enemies, including minute pirate bugs (Orius tristicolor (White)), insidious 
flower bug (Orius insidiosits (Say)), big-eyed bugs (Geocoris punctipes (Say)), damsel 
bugs (Nobis spp.), spined soldier bugs (Podisus maculiventris (Say)), spiders (Araneae), 
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ladybird beetles (Coccinellidae), lacewings (Chrysopa spp.), ground beetles 
(Carabidae), earwigs (Dermaptera), and ants (Formicidae). Altering one aspect of an 
agroecosystem can affect other aspects of that system. 
Tillage practice is one example of a management tactic that has been shown to 
have an affect on insect populations. Indeed, it has been shown that insect species 
diversity is greater in soybean systems with weeds when compared to weed-free 
soybean systems (Shelton and Edwards 1983). However, effects on individual species 
can vary with varying weed levels. Weed-free production systems have been shown to 
contain greater numbers of corn earworms (Alston et al. 1991), velvetbean caterpillars, 
southern green stink bugs (Altieri et al. 1981), Mexican bean beetles (Shelton and 
Edwards 1983), and potato leafhoppers (Lamp et al. 1984; Hammond and Stinner 
1987). Also, Lam and Pedigo (1998) found that population densities of bean leaf 
beetles and potato leafhoppers were significantly greater in reduced tillage plots 
compared to no-till plots. In contrast, production systems that allow more weeds to 
survive have shown greater numbers of natural enemies including predacious ground 
beetles (House and All 1981; House and Stiimer 1983; Brust 1990;) and big-eyed bugs 
(Shelton and Edwards 1983; Altieri et al. 1981). However, tillage practice seems to 
have no effect on damsel bugs (Hammond and Stinner 1987). Tillage systems also have 
shown varying affects on humus-forming arthropods such as springtails (Colletnbola). 
Collembola, which are detritovores, are especially important to the 
agroecosystem by decomposing plant residues (Kiss and Jager 1987; Takeda 1988), and 
these organisms have been suggested for use as indicators of soil quality (Reddy 1986; 
Stork and Eggleton 1992; Hogervorst et al 1993; Filser 1995; Siepel 1995). 
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Collembola. While subsurface organisms such as earthworms have been well 
studied, comparatively little is known about surface-dwelling organisms that also help 
in soil humification. One such organism is the springtail. Order Collembola. In 
cropping methods where plant residues are not incorporated into the soil mechanically, 
biological organisms that aid in the natural degradation process become important. 
Collembola, while feeding at or near the soil surface, contribute to organic matter 
decomposition by fragmenting and conditioning plant debris internally before further 
breakdown after excretion by microorganisms (Potter et al. 1990). Some Collembola 
species also can increase mineralization by feeding on the hyphae of selected fiingi, 
while others increase soil humification by scavenging and mixing organic material with 
mineral soil particles (Stork and Eggleton 1992). In fact, Hopkin (1997) showed that 
microbial enzymatic activity, respiration, and rates of nutrient release are stimulated 
when low to moderate densities of Collembola are present. He further states that while 
it is difficult to detennine if the absence of Collembola makes a significant difference 
in the decomposition rate in the field, the rate does slow down. 
Previous studies have shown that various herbicide-use and tillage practices can 
influence Collembola populations (Fox 1964; Curry 1970; Edwards 1970; Eijsackers 
1975; 1978; Loring et al 1981; Subagja and Snider 1981; Prasse 1985; Mola et. al 
1987; Badejo and van Straalen 1992). Herbicides can be directly toxic to Collembola or 
cause indirect effects such as killing the flmgi on which Collembola feed (Hopkin 
1997). Understanding the environmental impact of adopting these systems, and the 
economics associated with them, will allow growers to make better informed decisions 
about which management tools are best suited to their production systems and their 
individual goals. 
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Economic Assessment. Economics in agriculture can be thought of as resource 
allocation to accomplish individual grower goals (Duffy 1998). One of these goals for 
most growers is profit maximization, and a major component that can be managed in the 
production system is weeds. Management has been used in economic situations to 
imply a judicious use of means to accomplish an end (Kay 1986). This term also is 
appropriate when dealing with pest problems such as insects or weeds. The term 
control is often used in these situations but is inappropriate since the word control 
implies the pest has been rendered no longer a problem. Pest problems, however, vary 
in intensity unless eradication can be accomplished. 
As discussed previously, tillage systems in soybean production have changed 
over the years. With the reduction of heavy and frequent tillage to minimize erosion 
problems, weed management has come to rely more and more on herbicides (Duffy 
1998). These changes in weed management strategies also can affect economic return 
for the grower. The development of herbicide resistance in some weeds and public 
concerns over ground water contamination have been the two major drawbacks to 
shifting to increased herbicide use (Duffy 1998). Genetically altering soybean herbicide 
resistance is one management strategy that some believe will result in lower inputs costs 
for the grower and, thus, higher economic returns. However, more studies are needed 
to determine how these new systems affect individual growers economically. Future 
questions that also will have to be answered relate to the costs associated with resistance 
development, reliability of using a single weed management technique, and the overall 
decrease in biodiversity (Duffy 1998). 
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CHAPTER 2. EFFECTS OF WEED MANAGEMENT SYSTEMS ON CANOPY 
INSECTS IN HERBICIDE-RESISTANT SOYBEANS 
Lamar D. Buckelew, Larry P. Pedigo, Helen M. Mero, 
Michael D. K. Owen, and Gregory L. Tylka 
Abstract 
The effects of transgenic herbicide-resistant soybean varieties and their 
corresponding weed management strategies on canopy insects were examined in studies 
at two locations in Iowa from 1997 to 1998. Usually, weed management systems that 
allowed more weed escapes also had larger insect population densities. However, 
systems with fewer weeds seemingly were preferred by potato leaflioppers. Bean leaf 
beetles and potato leafhoppers showed preferences for certain soybean varieties, but 
these effects were attributed to preferences related to soybean plant height. 
These findings indicate that although the transgenic soybean varieties did not 
seem to strongly affect insect populations, weed management systems can affect insect 
populations in soybean. However, this impact seems to be related more to weed 
suppression effectiveness than to a direct effect of the herbicides on the insects. 
Consequently, in years where environmental conditions encourage larger insect 
populations, these differences may be amplified and have the potential to produce 
differential impacts on soybean yield. 
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Introduction 
Iowa ranks first ia United States soybean {Glycine max (L.) Merrill] production, 
with more than 4.3 million hectares planted in 1997 resulting in more than 13 million 
metric tons produced and more than $3 billion in income (Iowa Agricultural Statistic 
Service, 1998). In the last decade, com and soybean cropping practices have changed 
considerably. Indeed, management tactics such as shorter cropping rotations, reduced 
row widths, earlier planting dates, and herbicide-resistant varieties all are examples of 
more recently developed strategies to maximize yields. However, growers still struggle 
with pest management decisions. 
One of the most important pest decisions Iowa soybean growers face involves 
weed management. If weeds go unmanaged, they may decrease yields, interfere with 
harvest, reduce the value of the harvested crop, and increase future weed problems 
(Hartzler 1997). In the last decade alone, over 95 percent of the com and soybean acres 
planted in the United States have been treated with herbicides (Duffy 1998). 
Public concern over the effects of pesticides on hxmians has prompted 
government and industry to search for ways to reduce overall pesticide use and maintain 
high yields. One of the -ways proposed to accomplish this goal is through the 
development of crops that are resistant to broad spectrum herbicides. Use of broad 
spectrum herbicides would reduce the need for applications of herbicides specific to 
grasses and broadleaves, which could lessen overall herbicide use. 
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One such production system involves transgenic soybean. The development and 
marketing of Roundup Ready® soybean probably has had the most dramatic impact on 
grower seed selection and weed management in the last few years. In 1996, 
approximately 15-20% of all soybeans planted in Iowa were transgenic varieties 
resistant to Roundup® herbicide (Monsanto commimication). In 1997, there was an 
increase to over 30% and in 1998 over 45% of soybean acres planted in Iowa were 
resistant to Roundup herbicide. This increase in use of Roundup Ready soybeans, in 
addition to the development of varieties resistant to other herbicides such as Liberty®, 
could change the characteristics of soybean agroecosystems. Although considerable 
work has been done that shows Roundup and Liberty can be effective in controlling 
weeds (Owen et al. 1996), little is known about the impacts of these systems on other 
organisms such as beneficial and pest insect species. 
The soybean insect complex is composed of himdreds of species, most of which 
are beneficial (Zeiss and Oubertanz 1994). Previous studies have shown that altering 
tillage practices that give poorer weed control increases the density and diversity of 
insect populations within the habitat (Altieri and Todd 1981; Altieri et al. 1981; Shelton 
and Edwards 1983). Predaceous insects, in particular, have been associated with higher 
weed populations (Zeiss and Kiubertanz 1994). However, Lam and Pedigo (1998) 
found that population densities of pests such as bean leaf beetles [Cerotoma trifiircata 
(Forster)] and potato leafhoppers [Empoasca fabae (Harris)] were significantly greater 
in reduced tillage plots with fewer weeds compared to no-till plots. This difference 
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corresponded to similar findings about potato leafhoppers (Lamp et al. 1984; 
Hammond and Stinner 1987; Andow 1992; Altieri et al. 1981; Tonhasca 1994). 
Furthermore, other insect species such as Mexican bean beetles {Epilachna varivestis 
Mulsant), velvetbean caterpillars (Anticarsia gemmatalis Hubner), southern green stink 
bugs [Nezara viridula (L.)], and com earworms [Helicoverpa zea (Boddie)] have been 
shown to be more abundant in weed-free soybean (Alston et al. 1991, Altieri et al. 1981, 
Bvmtin et al. 1995; Shelton and Edwards 1983) than in soybean systems with weeds. 
Clearly, understanding changes in weed control in soybean will help in understanding 
changes to the insect populations within those systems as well. 
Weed management strategies utilizing transgenic varieties and specific 
herbicides are being readily adopted throughout many of the soybean-producing states. 
Either herbicides that are used with transgenic soybean varieties or the varieties 
themselves could cause significant changes in soybean systems. Understanding how 
these changes will affect the ecological integrity of soybean systems could help in 
deciding whether or not to adopt these changes in production agriculture. Therefore, the 
objective of this study was to examine the potential effects of new herbicide-resistant 
systems on soybean canopy insects. 
Materials and Methods 
Study Location and Experimental Design. Field studies were carried out in 
1997 and 1998 at the Iowa State University Bruner Research Farm near Ames, lA, and 
at the Iowa State University Northern Research Farm near Kanawha, lA. 
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Plots were 6 by 7.3-tn (20 by 24-ft) at the Bruner location and 6 by 6-m (20 by 
20-ft) at the Kanawha location. All plots were planted with 76-cm (30-in) row spacings 
and were arranged according to a randomized complete block design. 
Treatments consisted of six soybean varieties and three weed management 
systems. The soybean varieties included: 1) Roundup Ready (AG3001)(resistant to 
glyphosate); 2) Roundup Ready SCN (AG2901)(resistant to glyphosate and soybean 
cyst nematode; 3) Liberty-link (A2704LL)(resistant to glufosinate); 4) STS 
(A2704)(tolerant to sulfonylurea herbicides); 5) Jack (conventional variety that is 
resistant to soybean cyst nematode); and 6) Kenwood 94 (conventional variety). The 
weed management systems (Table 1) included: 1) targeted herbicide application to the 
varieties resistant to Roundup and Liberty; 2) conventional pre- and post-emergence 
emergence herbicide applications and cultivation; and 3) hand weeded. Targeted and 
post-emergence herbicide applications and cultivations were done according to 
recommendations from Iowa State University Extension Service. 
The soybean varieties resistant to Roundup and Liberty herbicides received each 
of the weed management system treatments. The other varieties received only the 
conventional and hand weeded control systems. For this study, STS was considered a 
conventional variety. Also, distribution of the nematode population in the study area 
limited plot size and the possible number of treatments. Thus, there were fifteen 
treatments. The treatments were replicated eight times at the Bruner location and six 
times at the Kanawha location. 
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Insect Populations. When plants were at stage V8 (Fehr et al. 1971) and 
continuing through stage R7, a 20-sweep sampling unit was taken in each plot by using 
a 38-cm-diameter sweep net (Zeiss and Klubertanz 1994). Insect populations were 
estimated by sampling weekly in 1997, whereas, estimations in 1998 were at 2-wk 
intervals. Insects sampled are shown in Table 2. These sampling times corresponded 
with seasonal population peaks for different pest and beneficial insects in Iowa from 
mid vegetative stage through late reproductive stage of the soybean crop (Lam and 
Pedigo 1998). All sweep-net samples were bagged and returned to the laboratory for 
counts of prominent phytophagous and entomophagous Insects. 
Soybean Growth and Development. The leaf area index was measured 
between 2 rows with a plant canopy analyzer (Model LAI-2000, LiCor, Lincoln, NE). 
Soybean developmental growth stage was recorded according to the classification of 
Fehretal. (1971). 
Weed Populations. Weed population percentages of total plot volume, 
considering both soybean and weeds, were visually estimated according to Harvey 
(1993). These estimates then were interpreted as no weed problem, slight, low, 
moderate, severe, or very severe for 0,5,10,20,40, and 80%, respectively (Lam and 
Pedigo 1998). 
Data Analysis. Insect population data were analyzed for main effects of 
soybean variety and weed management system by using analysis of variance (PROC 
GLM) procedures (SAS Institute 1985). Data were separated into 6 by 2 and 3 by 3 
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factorial designs for analysis according to weed management system used. Sample 
periods with zero covmts were not included in the analysis of the data collected for 
individual insect species. 
Other biotic factors, including plant height, LAI, and weed escapes, also were 
analyzed using PROC GLM (SAS Institute 1985). These data also were correlated to 
insect numbers and regressions calculated using PROC CORR and PROC REG 
respectively (SAS Institute 1985). 
Results and Discussion 
Insect and Weed Species Composition. Insect pest populations in both years 
never reached economically damaging levels. However, some insects were abundant 
enough for statistical analysis. 
The primary pest insects that were collected in sufficient number for analysis 
were bean leaf beetle, potato leafhopper, green cloverworm (Hypena scabra F.), 
tarnished plant bug (Lygus lineolaris (Palisot de Beauvois), and nymphs of differential 
and red-legged grasshoppers {Melanoplus differentialis (Thomas) and Melanoplus 
femurrubrum (DeGeer)). 
There were only two species of beneficial insects collected in sufficient numbers 
for analysis. They were insidious flower bug {Orins insidiosus (Say) and the common 
damsel bug (Nobis americoferus Carayon). 
The majority of weeds found were grasses, however broadleaf weeds also were 
present. Common weed species found were common lambsquarters {Chenopodiim 
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album L.), pigweed {Amaranthus spp.), yellow foxtail {Setaria (glauca) lutescens L.), 
giant foxtail {Setaria faberii Herrm.), green foxtail {Setaria viridis (L.) Beauv.), 
Pennsylvania smartweed {Polygonum pensylvanicum L.), large crabgrass {Digitaria 
sanguinalis L.), common cocklebur {Xanthium strumarium L.), quackgrass {Elytrigia 
repens (L.) Nevski), velvet leaf {Abutilon theophrasti Medik.), common purslane 
{Portulaca oleracea L.), wild buckwheat {Polygonum convolvulus L.), and barnyard 
grass {Echinochloa crvsgalli (L.) Beauv.). 
Common weeds found at the Kanawha farm were barnyard grass, pigweed, wild 
buckwheat, woolly cupgrass {Eriochloa villosa L.), and common milkweed {Asclepias 
syriaca L.). 
Comparison among Transgenic and Non-transgenic Soybean Varieties in 
Two Weed Management Systems. Conventional soybean varieties that are not 
resistant to Roundup or Liberty herbicides could not be treated with those herbicides for 
varietal evaluations. Therefore, to examine soybean variety effects among these 
varieties, comparisons were made using only the conventional and hand weeded 
systems. 
Weed Management System. Significant differences were observed in soybean 
plant height {F = 8.04; df = 1,77; [P > = 0.0059) and percentage weeds present (F= 
266.67; df = I, 77; [P > = O.OOOl) when comparing the two weed management 
systems (Table 3). There were more weeds recorded in the conventional compared to 
the hand weeded system {P < 0.05), and this difference corresponded with lower 
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soybean plant height also occurring in the conventional system {P < 0.05) compared to 
hand weeded system. 
Bean leaf beetle numbers were not significantly different among weed 
management systems (Table 4). This finding is m agreement with similar findings by 
Buntin et al. (1995) when they looked at tillage effects on bean leaf beetle. However, 
studies by House and Stirmer (1983) and Sloderbeck and Edwards (1979) showed 
higher numbers of beetles in less weedy plots, while findings by Troxclair and Boethel 
(1984) were mixed. Also, Agnello et al. (1986) observed high bean leaf beetle 
populations five days after herbicide application but stated that this difference was due 
to an already existing high population of beetles. 
Population densities of potato leafhopper were significantly higher (? < 0.05) in 
the hand weeded system, which also had fewer weeds, compared to the conventional 
system(Tables 3 and 4). This result is in agreement with most other studies related to 
weeds and potato leafhopper populations (Andow 1992; Lamp et al. 1987; Tonhasca 
1994; Altieri et al. 1981). 
Populations oftamished plant bug, grasshopper nymph, insidious flower bug, 
and damsel bug were significantly higher {P < 0.05) in the conventional weed 
management system (Table 4). This agrees with other studies that relate insect density 
and diversity with weed populations (Altieri and Todd 1981; Altieri et al. 1981; Shelton 
and Edwards 1983; House and Stinner 1983; Sloderbeck and Edwards 1979; Tonhasca 
1994). 
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Correlation analysis was performed on all insect populations to soybean plant 
height and percentage weeds present in this study ( Table 5), showing that a positive 
relationship exists for most of them although a negative relationship was shown for 
some of them. Linear and quadratic regressions also were performed, but they did not 
adequately predict insect population potential. These correlations show that although 
percentage weeds explains some of the insect population density, soybean height also is 
important. Indeed, insect populations that were significantly different because of weed 
management were most closely associated with higher weed populations and shorter 
soybean plant height. 
Soybean Variety. There were no significant differences detected (Table 3) 
among soybean varieties in weed density. However, significant differences (Table 3) 
were observed among varieties in plant height (F= 17.17; df = 5, 77; [P > /] = 0.0001). 
Roundup Ready, Roundup Ready SCN, and Jack were taller than the other three 
soybeem varieties (P < 0.05). 
There were no significant differences observed in densities of tarnished plant 
bug, grasshopper nymph, or insidious flower bug among varieties. However, significant 
differences were observed by variety for damsel bugs, bean, leaf beetles, and potato 
leafhoppers (Table 4). Bean leaf beetle population density was positively associated 
with plant height (Table 5). Moreover, bean leaf beetie numbers were greatest in 
Roundup Ready and Jack soybean varieties (P < 0.05) (Table 4), and these varieties also 
were among the tallest (P < 0.05) (Table 3). In contrast, potato leafhopper populations. 
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which were negatively associated with plant height, were greatest in the Kenwood 94 
soybean variety and lowest in Roundup Ready and Jack varieties (JP < 0.05) (Table 4), 
which were among the tallest and shortest varieties, respectively. Tarnished plant bug 
and insidious flower bug populations were positively associated with height whereas 
grasshopper nymphs were negatively associated. However, no significant differences in 
densities of these insects were observed among varieties. Damsel bug population 
densities were not associated with weed density or plant height suggesting that some 
other factor related to variety is affecting then: density. 
Comparison among Transgenic Soybean Varieties and Three Weed 
Managment Systems. To assess effects of weed management systems specific for the 
transgenic varieties, comparisons were made among only those varieties that were 
transgenic and herbicide-resistant. 
Weed Management System. Significant differences in weeds present were 
observed (F = 134.77; df = 2, 56; [P > = 0.0001) when comparing three weed 
management systems. More weeds were observed in the conventional weed 
management system (P < 0.05) compared to the targeted and hand weeded systems 
(Table 6). 
No differences were observed in potato leafhopper and green cloverwonn 
populations because of weed management (Table 7). However, population densities of 
tarnished plant bug, insidious flower bug, and damsel bug were highest {P < 0.05) in the 
conventional weed management system, which also had the greatest percentage of 
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weeds. This was in agreement with our previous finding comparing the two weed 
management systems. The correlations of tarnished plant bug and insidious flower bug 
populations to percentage weeds showed they were associated. (Table 8). Although, 
damsel bugs were not significantly associated with weeds, significantly greater numbers 
of these insects were found in the conventional weed management system compared to 
either the targeted or hand weeded systems (Table 7). 
Soybean Variety. Significant differences in plant height {F = 19.09; df = 2, 56; 
[P>F\= 0.0001) and leaf area index (F= 10.19; df = 2, 56; [P > = 0.0002) were 
detected among soybean varieties (Table 6). However, there were no differences in 
weeds observed among soybean varieties. 
No significant differences were detected for tarnished plant bug and insidious 
flower bug because of soybean variety. Potato leafhoppers were negatively associated 
and damsel bug population densities were positively associated with soybean plant 
height and leaf area index (Table 8). Potato leafliopper and damsel bug numbers were 
significantly higher (P < 0.05) in the Roundup Ready and Roundup Ready SCN 
varieties, respectively. These varieties also were the tallest (P < 0.05) (Table 6) and 
Roundup Ready had the greatest leaf area index measured (P < 0.05) (Table 6). This 
finding for potato leafhopper is not in agreement with our findings when comparing 
transgenic and non-transgenic varieties. However, in this part of the study there was a 
significant interaction between soybean variety and weed management (F= 1.48; df= 
2, 56; [P > = 0.0315), which could explain the conflicting results. In contrast, green 
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cloverworm numbers were significantly higher (P < 0.05) in the Liberty-link soybean 
variety, which was the shortest and had the lowest leaf area index compared to the other 
transgenic varieties (P < 0.05) (Table 6). This association could not be explained by 
correlations because the data for green cloverworm were skewed. Green cloverworm 
data were transformed SQRT(x+l) and log(X+l) but still were not normal. 
Conclusions 
The objective of this study was to determine whether herbicide tolerant soybean 
systems affect canopy-inhabiting insects. Weed management systems that allow more 
weed escapes also were found to have larger population densities of tarnished plant 
bugs, grasshopper nymphs, insidious flower bugs, and damsel bugs. However, systems 
with fewer weeds seemingly were preferred by potato leafhoppers. These findings 
agree with other studies of habitat preference by some insects for weedy areas (Altieri 
and Todd 1981; Altieri et al. 1981; Shelton and Edwards 1983) and other insects for less 
weedy areas (Lam and Pedigo 1998; Lamp et al. 1984; Hammond and Stinner 1987). 
Bean leaf beetles and potato leafhoppers showed preferences for certain varieties, but 
this was attributed to preferences related to soybean plant height. 
These findings indicate that while the transgenic varieties did not seem^ to 
strongly affect insect populations, weed management systems can affect insect 
populations in soybean. This effect seems to be related to the ability of the weed 
management system to suppress the weed population. 
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During the two years of this study, insect pest populations did not reach 
economic levels at either location. However, it is believed that because the differences 
presented were detected in data combined from both locations over two years, they are 
real. Consequently, in years where envirormiental conditions encourage larger insect 
populations, these differences may be amplified and have the potential to produce 
differential impacts on soybean yield. 
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Table 1. Weed management systems used in evaluating effects on canopy insects. 
Targeted System 
Roundup Ultra® (glyphosate) 4S 1.12 kg[ai]/ha 
Liberty® 1.67SL (glufosinate) + 0.30 kg[ai]/ha + 3.36 kg[ai]/ha 
ammonium sulfate 
Conventional System 
Pre-emergence 
Frontier® 6EC (dimethenamid) + 
Sencor® 75DF (metribuzin) 
Post-emergence 
Pursuit® 2AS (imazethapyr) + Sun-it 
II® + 28%N 
Cultivations 
Control 
1.68 kg[ai]/ha + 0.42 kg[ai]/ha 
0.07 kg[ai]/ha + 2.36 1/ha + 2.36 1/ha 
Hand Weeded 
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Table 2. Commori insect pests and beneficial insects found from sweep net sampling 
near Ames, lA and Kanawha, lA in 1997 and 1998. 
Scientific name Common name 
Collected in 
sufficient 
numbers for 
comparison 
Pest Insects 
Cerotoma trifurcata (Forster) bean leaf beetle Y 
Empoasca fabae (Harris) potato leaihopper Y 
Hypena scabra (Fabricius) green cloverworm Y 
Lygus lineolaris (Palisot de Beauvois) tarnished plant bug Y 
Melanoplus differentialis (Thomas) differential grasshopper ya 
Melanoplus femurrubrum (DeGeer) redlegged grasshopper ya 
Euschistus servus (Say) brown stink bug N 
Acrosternum Mare (Say) green stink bug N 
Beneficial Insects 
Orius insidiosus (Say) insidious flower bug Y 
Podisus maculiventris (Say) spined soldier bug N 
Chrysoperla camea Stephens green lacewing N 
Nobis americoferus Carayon common damsel bug Y 
Hippodamia convergens Guerin convergent lady beetle N 
Coleomegilla maculata DeGeer — N 
^ Only nymphs fi:om both species were collected in sufficient numbers for comparison. 
Numbers for both species were combined for data analysis and classified as grasshopper 
nymphs (GHN). 
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Table 3. Mean soybean height/(+SE) and percentage weeds/(+SE) observed from 
transgenic and non-transgenic soybean varieties in two weed management systems 
during insect sweep net sampling. 
Soybean Soybean Percentage 
variety height weeds 
(cm) 
Roundup Ready 86.5 a 9.4 a 
(1.88) (1.12) 
Roundup Ready 86.6 a 10.6 a 
(SC1V)« (1.72) (1.17) 
Liberty Link 80.4 b 11.5 a 
(1.42) (1.29) 
STS^ 82.0 b 7.6 a 
(1.50) (1.08) 
Jack 88.9 a 9.7 a 
(1.57) (1.25) 
Kenwood 94 79.5 b 9.3 a 
(1.39) (1.12) 
Weed management 
Conventional 82.7 b 19.2 a 
(0.96) (0.83) 
Control 85.3 a 0.18 b 
(0.90) (0.06) 
Means followed by the same letter are not significantly difTerent (P>0.05). 
^ Denotes a variety that is also resistant to soybean cyst nematode. 
^ Denotes a variety that is tolerant to snlfonyl urea herbicides. 
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Table 4. Mean number of insects per 20 sweeps/(+SE) collected from transgenic and 
non-transgenic soybean varieties in two weed management systems. 
Soybean Bean Potato Tarnished Grasshopper Insidious Damsel 
variety leaf leafhopper plant bug nymph flower bug 
beetle bug 
Roundup Ready 3.96 a 5.94 c 0.49 a 1.13 a 1.11 a 1.17a 
(0.36) (0.48) (0.07) (0.10) (0.21) (0.09) 
Roundup Ready 3.87 ab 7.29 b 0.44 a 1.14a 0.92 a 1.05 ab 
(SCN)<^ (0.39) (0.57) (0.07) (0.09) (0.21) (0.09) 
Liberty Link 3.53 b 6.02 be 0.57 a 1.28 a 1.65 a 0.89 b 
(0.37) (0.54) (0.12) (0.11) (0.61) (0.09) 
STS^ 3.48 b 6.14 be 0.53 a 1.10a 0.82 a 1.10 ab 
(0.36) (0.48) (0.10) (0.09) (0.17) (0.09) 
Jack 4.52 a 4.95 c 0.29 a 0.97 a 1.13 a 0.91 b 
(0.51) (0.42) (0.04) (0.08) (0.38) (0.07) 
Kenwood 94 3.55 ab 11.00 a 0.55 a 1.13 a 1.14a 1.14 a 
(029) (0.88) (0.11) (0.09) (0.29) (0.09) 
Weed management 
Conventional 3.69 a 6.70 b 0.64 a 1.25 a 1.66 a 1.16 a 
(0.21) (0.33) (0.07) (0.06) (0.27) (0.05) 
Control 3.95 a 7.6 a 0.32 b 1.00 b 0.59 b 0.92 b 
(0.23) (0J5) (0.03) (0.05) (0.07) (0.04) 
Means followed by the same letter are not significantly different (P>0.05). 
^ Denotes a variety that is also resistant to soybean cyst nematode. 
^ Denotes a variety that is tolerant to siilfonyl urea herbicides. 
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Table 5. Statistically significant correlations of mean number of insects collected per 20 
sweeps vs. soybean plant height and percentage weeds observed in transgenic and non-
transgenic soybean varieties in two weed management systems. 
Insect r 
Soybean Height Bean leaf beetle 0.448 
Potato leafhopper -0.157 
Tarnished plant bug 0.318 
Grasshopper nymph -0.307 
Insidious flower bug 0.254 
Percentage Weeds Potato leafhopper -0.124 
Tarnished plant bug 0.220 
Insidious flower bug 0.244 
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Table 6. Mean soybean height/(+SE), percentage weeds/(+SE), and leaf area 
mdex/(+SE) from three transgenic soybean varieties and three weed management 
systems during insect sweep net sampling. 
Soybean Soybean Percentage Leaf area 
variety height weeds index 
Roundup Ready 86.9 a 6.3 a 3.60 a 
(1.53) (0.78) (0.08) 
Roundup Ready 86.3 a 7.5 a 2.96 ab 
(SCN)« (1.44) (0.81) (0.08) 
Liberty Link 81.2 b 9.1 a 2.79 b 
(1.27) (0.92) (0.07) 
Weed management 
Targeted ^ 85.5 a 1.5 b 2.98 a 
(1.52) (0.28) (0.08) 
Conventional 83.3 a 21.0 a 2.87 a 
(1.39) (1.16) (0.07) 
Control 85.7 a 0.00 b 2.97 a 
(1.38) (0.00) (0.08) 
Means followed by the same letter are not significantly dififerent (P>0.05). 
^ Denotes a variety that is also resistant to soybean cyst nematode. 
^ Herbicide application specific for transgenic resistance. 
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Table 7. Mean number of insects per 20 sweeps/(+SE) collected from three transgenic 
soybean varieties and three weed management systems. 
Insidious 
Soybean Potato Green Tarnished flower Damsel 
variety leafhopper cioverworm plant bug bug bug 
Roundup Ready 6.13 b 2.69 b 0.44 a 0.99 a 1.9 a 
(0.42) (0.36) (0.06) (0.16) (0.07) 
Roundup Ready (SCN)^ 7.34 a 2.86 b 0.40 a 0.84 a 12 ab 
(0.46) (0.35) (0.40) (0.15) (0.07) 
Liberty Link 5.59 b 3.36 a 0.50 a 1.32 a 0.89 b 
(0.41) (0.45) (0.09) (0.42) (0.08) 
Weed management 
Targeted® 6.24 a 3.14 a 0.34 b 0.69 b 0.94 b 
(0.43) (0.45) (0.04) (0.10) (0.07) 
Conventional 6.58 a 2.81 a 0.65 a 1.74 a 1.16a 
(0.45) (0.36) (0.10) (0.44) (0.08) 
Control 6.25 a 2.95 a 0.35 b 0.71 b 0.91 b 
(0-42) (0.35) (0.04) (0.12) (0.07) 
Means followed by the same letter are not significantly different (P>0.05). 
^ Denotes a variety that is a\so resistant to soybean cyst nematode. 
^ Herbicide application specific for transgenic resistance. 
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Table 8. Statisticeilly significant correlations of mean number of insects collected per 20 
sweeps vs. soybean plant height, leaf area index, and percentage weeds observed in 
three transgenic soybean varieties and three weed management systems. 
Variable Insect r 
Soybean Height Potato leafhopper -0.122 
Damsel bug 0.173 
Leaf Area Index Potato leafhopper -0.141 
Damsel bug 0.114 
Percentage Weeds Tarnished plant bug 0.177 
Insidious flower bug 0.207 
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CHAPTER 3. EFFECTS OF WEED MANAGEMENT SYSTEMS ON SURFACE-
ACTIVE ARTHROPODS IN HERBICIDE-RESISTANT SOYBEANS 
Lamar D. Buckelew, Larry P. Pedigo, Helen M. Mero, 
Michael D. K. Owen, and Gregory L. Tylka 
Abstract 
The effects of transgenic, herbicide-resistant soybean varieties and their 
corresponding weed management strategies on surface-active arthropods were examined 
using pitfall traps in an Iowa soybean field from 1996 through 1998. A total of 75,078 
arthropods were identified from 4,800 pitfall traps. Ground beetles comprised the 
majority of arthropods captured (46%), with field crickets being the second-most 
numerous (40%). More predators were found in the hand weeded system than in the 
conventional system, with the exception of the ground beetle Scarites. The finding of 
more predators in plots with fewer weeds is attributed to food preference and greater 
availability of crickets also occurring in those systems. Different findings related to 
cicadellids mdicated these populations are mixed with some species that prefer weeds 
and some that do not. 
Differing results within phalangid population densities are hypothesized to be 
related more to the microclimate or that pitfall trapping may not be an adequate method 
for assessing populatioa density of phalangids. 
Based on these three years of pitfall trapping data, transgenic herbicide tolerant 
soybean varieties did not seem to substantially impact conmiimities of surface-active 
37 
arthropods. However, weed management systems did show effects on arthropod 
populations and these effects likely were related to changes in food availability and 
microclimate alterations. 
Introduction 
Soybean and com cropping practices have changed considerably in the last 
decade. Examples of more recently developed strategies to maximize yields include 
shorter cropping rotations, reduced row widths, earlier planting dates and herbicide-
resistant varieties. These changes have contributed to Iowa ranking first in United 
States soybean [Glycine max (L.) Merrill] production with more than 4.3 million 
hectares planted in 1997, resulting in 13 million metric tons produced and more than $3 
billion in income (Iowa Agricultural Statistic Service, 1998). Of these changes, pest 
management has been one of the most extensive. However, pest management decisions, 
such as weed suppression tactics, can be complicated because of several altemative 
strategies available. 
One of the most common methods of weed management is the use of herbicides. 
More than 95 percent of the com and soybean acres planted in the United States have 
been treated with herbicides in the last decade alone (Duffy 1998). This prevalent use 
of pesticides in agriculture has increased public-health concerns and prompted 
government and industry to search for ways to reduce overall pesticide use, while 
maintaining the high yields. 
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One of the ways proposed to accomplish this goal is through the development of 
crops that are resistant to broad spectrum herbicides. The possibility of using broad 
spectrum herbicides within the production system could reduce the need for applications 
of different herbicides that are specific for grasses and broadleaves. 
One production system that utilizes broad spectrum herbicide resistance is 
transgenic soybean. The development and marketing of Roundup Ready® soybean has 
probably had the most dramatic impact on grower seed selection and weed management 
in the last few years. In 1996, approximately 15-20% of all soybeans planted in Iowa 
were transgenic varieties resistant to Roundup® (glyphosate) herbicide (Monsanto 
communication). In 1997, there was an increase to noore than 30% and continued 
growth to over 45% of soybean acres planted in Iowa through 1998 (Monsanto 
communication). This growth in use of Roimdup Ready soybeans, in addition to the 
development of varieties resistant to other herbicides such as Liberty® (glufosinate), 
could affect the soybean agroecosystem. While considerable work has been done that 
shows Roundup and Liberty can be effective in controlling weeds (Owen et al. 1996), 
little is known about the impacts of these herbicides and their accompanying systems on 
other organisms such as beneficial and pest insects. 
The soybean insect complex is composed of hundreds of species, most of which 
are beneficial (Zeiss and Klubertanz 1994). Previous studies have shown that altering 
tillage practices such that weed control is made less effective, increases the diversity of 
insect populations within that habitat (Shelton and Edwards 1983). However, Lam and 
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Pedigo (1998) found that population densities of bean leaf beetles [Cerotoma trifurcata 
(Forster)] and potato leafhoppers [Empoasca fabae (Harris)] were significantly greater 
in reduced tillage plots with less weeds compared to no-till plots with more weeds. 
Furthermore, other insect species, such as Mexican bean beetles {Epilachna varivestis 
Mulsant), velvetbean caterpillars (Anticarsia gemmatalis Hubner), southern green stink 
bugs [Nezara viridula (L.)], and com earworms [Helicoverpa zea (Boddie)] have been 
shown to be more abundant in weed-free soybean (Alston et al. 1991, Altieri et al. 1981, 
Shelton and Edwards 1983) than in soybean with weeds. 
Surface-active insects, such as ground beetles (Coleoptera: Carabidae) are 
common in many agricultural systems. Previous studies have indicated ground beetle 
populations are more dense in plots with more weeds (Jorgensen and Toft 1997, Altieri 
et al. 1985). Also, weed management systems using herbicides have been shown to 
indirectly affect ground beetles by altering the habitat in winter wheat (Brust 1990). 
Moreover, House and All (1981) reported groimd beetle populations had several fold 
greater density in conservation tillage than in conventional tillage soybeans, probably 
because of physical differences in the habitat. 
Clearly, weed management systems can affect surface-active insect populations. 
Understanding changes in weed management involving trangenic soybean will help in 
understanding changes to the insect population within those systems as well. Therefore, 
the objecti've of this study was to examine the potential effects of these systems on 
surface-active soybean arthropods. 
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Materials and Methods 
Study Location and Experimental Design 
Field studies were carried out from 1996 through 1998 at the Iowa State 
University Bruner Research Farm near Ames, lA. Plots were 6 by 7.3 m (20 by 24-ft) 
All plots were planted with 76-cm (30-in) row spacing and were arranged according to a 
randomized-complete-block design. 
Treatments consisted of six soybean varieties and three weed management 
systems. The soybean varieties included; 1) Roundup Ready (AG3001)(resistant to 
glyphosate); 2) Roundup Ready SCN (AG2901)(resistant to glyphosate and soybean 
cyst nematode; 3) Liberty-link (A2704LL)(resistant to glufosinate); 4) STS 
(A2704)(tolerant to sulfonylurea herbicides); 5) Jack (conventional variety that is 
resistant to soybean cyst nematode); and 6) Kenwood 94 (conventional variety). The 
weed management systems ) (Table 1) included: 1) targeted herbicide application to the 
varieties resistant to Roundup and Liberty; 2) conventional pre- and post-emergence 
emergence herbicide applications and cultivation; and 3) hand weeded control (hand 
removal of weeds. Weed escapes within the control plots were not removed in 1996 but 
were removed in 1997 and 1998. Targeted and post-emergence herbicide applications 
and cultivations were done according to recommendations from Iowa State University 
Extension Service. 
The soybean varieties resistant to Roundup and Liberty herbicides received each 
of the weed management system treatments. The other varieties received only the 
41 
conventional and hand weeded control systems. For this study, STS was considered a 
conventional variety. Also, specific nematode population areas limited plot size and the 
possible number of treatments. Thus, there were fifteen treatments. The treatments 
were replicated eight times. 
Insect Populations. Sampling for surface-active arthropods was accomplished 
using pitfall traps. A 15-cm-diameter (6-in) motorized post-hole auger was used to dig 
the holes for the traps. The traps were arbitrarily placed within the center 4 m (12 ft) of 
either the third or sixth row of each plot. These rows were used to avoid the center two 
yield rows and to minimize statistical variations in numbers of arthropods because of 
immigration firom sxirrounding plots. A l5-cm-(6-in-) long metal sleeve was inserted 
into the hole, and surroimding soil was used to ensure that the sleeve was flush with the 
soil siorface and that there were no cracks in the soil surface surroimding the sleeve. A 
125-ml (4-oz) plastic jar containing 60 ml (2 oz) of propylene glycol then was placed at 
the bottom of the hole. The propylene glycol acted as a killing and preservation 
solution for collected arthropods. A 60-cm-(24-in-) square piece of plastic with l5-cm-
(6-in-) long spikes through each comer for support was placed over the trap to deflect 
rain. There was one pitfall trap per plot. Jars were collected weekly beginning the week 
of planting until just before harvest. Samples were returned to the laboratory for 
processing. Propylene glycol samples containing arthropods were poured through a 
number 10 sieve (2.0 mm porosity), rinsed with water, and arthropods were sorted and 
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identified. Arthropod taxa, wiiich were common and therefore counted, are shown in 
Table 2. 
Weed Populations. Weed species were recorded and population percentages of 
total plot volume, considering both soybean and weeds, were visually estimated 
according to a method by Harvey (1993). These estimates then were interpreted as no 
weed problem, slight, low, moderate, severe, or very severe for 0, 5, 10,20,40, and 
80%, respectively (Lam and Pedigo 1998). 
Data Analysis. Insect population data were analyzed for effects of soybean 
variety and weed management system using analysis of variance (PROC GLM) 
procedures (SAS Institute 1985). The growing season was separated into early, mid, 
and late with each interval being analyzed separately. These intervals reflect seven 
week periods during the growing season. The targeted herbicide treatments were 
applied during the early and mid season intervals, but the late season interval had no 
application. Data were separated into 6-by-2 and 3-by-3 factorial designs for analysis, 
depending on the weed management system used. 
Data were transformed SQRT(X+1) before analysis. Weeds also were analyzed 
using PROC GLM (SAS Institute 1985) and then associated with the arthropods using 
Pearson's correlation procedure. Although observed values are presented, results of 
statistical analysis performed are for transformed values. 
43 
Results and Discussion 
Insect and Weed Species Composition. Over the three-year period from 1996 
to 1998, 4,800 pitfall trap samples were collected and processed. The total numbers of 
surface-active arthropods collected are shown in Table 2. Ground beetles (Carabidae) 
were the most numerous taxa, representing 46% of all arthropods collected. Crickets, 
(Gryllus pennsylvanicus Burmeister), were the second most numerous taxa accounting 
for almost 40% of all arthropods collected. All of these arthropods previously have 
been shown to occur in Iowa (Bechinski et al. 1983). 
The majority of weeds found were grasses, however broadleaf weeds also were 
present. Common weed species found were common lambsquarters (Chenopodium 
album L.), pigweed (Amaranthus spp.), yellow foxtail (Setaria (glauca) lutescens L.), 
giant foxtail {Setaria faberii Herrm.), green foxtail (Setaria viridis (L.) Beauv.), 
Pennsylvania smartweed {Polygonum pensylvanicum L.), large crabgrass {Digitaria 
sanguinalis L.), conunon cocklebur (Xanthium strumarium L.), quackgrass {Elytrigia 
repens (L.) Nevski), velvet leaf {Abutilon theophrasti Medik.), common purslane 
{Portulaca oleracea L.), wild buckwheat {Polygonum convolvulus L.), and barnyard 
grass {Echinochloa crusgalli (L.) Beauv.). 
Comparison among Transgenic and Non-transgenic Soybean Varieties in 
Two Weed Management Systems. Conventional soybean varieties that are not 
resistant to Roimdup or Liberty herbicides could not be treated with those herbicides for 
varietal evaluations. Therefore, to examine soybean variety^ effects among these 
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varieties, comparisons were made using only the conventional and hand weeded 
systems. 
Weed Management Systems. No significant differences were found in weeds 
present in the early season comparison of weed management systems (Table 3). 
However, significant differences were observed in percent weeds present at mid season 
(F =315.02; df = 1, 77; [P > = 0.0001) and late season (F =334.17; df = 1, 77; [P > 
F\ = 0.000 l)(Table 3). There were significantly more weeds observed in the 
conventional compared to the hand weeded management system (P < 0.05). 
In the early season, populations of Harpalus, Bembidion, Cicadellidae, and 
Phalangidae were significantly more dense in the hand weeded system (/* < 0.05) 
compared to the conventional system. Conversely, populations oiScarites were denser 
in the conventional weed management system compared to the hand weeded system. 
However, these differences could not be attributed to weed density because there were 
no significant differences detected in early season between the weed management 
systems. 
At mid season, significantly more weeds were observed in the conventional 
weed management system (P < 0.05) than in the mechanical system. Differences in 
arthropod population density at this time were similar to that of the early season. 
Additionally, populations of crickets also were observed to be significantly more dense 
in the mechanical weed management system (P < 0.05), which also had fewer weeds (P 
<0.05). 
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Finding more cicadellids in plots with less weeds is in agreement with other 
studies of some cicadellids (Lamp et al. 1987; Tonhasca 1994; Altieri 1981). Also, 
finding more Scarites in plots with more weeds is in agreement with other studies of 
carabids zind weedy areas (House and All 1981; Shelton and Edwards 1983; House 
1989; Hartke 1998; Brust and House 1988; Ferguson and McPherson 1985; Chen and 
Willson 1996; Ellsburyetal. 1998; Brust 1990; Esau 1968). 
Finding more Harpalus and Bembidion in plots with fewer weeds is in contrast 
to other findings. A possible explanation for these conflicting results could relate to 
food availability and preference. Best and Beegle (1977) found that some carabids, 
Harpalus in particular, show a distinct preference for dead crickets and Lepidoptera 
larvae for food. The present study also detected significantly more crickets in the less 
weedy plots. Therefore, the carabids found in these plots could have been seeking their 
preferred food. 
Populations of Phalangidae also were significantly higher {P < 0.05) in the less 
weedy plots. This finding contrasts with that of Altieri (1981) who found that more 
predators were usually associated with more weeds. However, Sankey and Savory 
(1974) reported that haivestmen are very susceptible to desiccation and, therefore, need 
to be constantly surrounded by moist and himiid conditions. The findings firom this 
study indicate that in plots without enough weeds to provide possible shelter and 
humidi^, haivestmen may seek out pitfall traps as sources of moisture. This means that 
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pitfall traps may not be an adequate method for assessing harvestmen populations in 
soybean fields. 
In late season, the hand weeded system had fewer weeds {P < 0.05) than the 
conventional system. The only arthropod taxon to show a significant population 
density difference in late season was the Phalangidae, with more being found in the 
hand weeded system and this was similar to our mid season findings. 
Arthropod population densities were correlated with weed population densities 
when weed population densities were detected to be significantly different. Those taxa 
that had a significant relationship to weeds are listed in Table 4. Linear and quadratic 
regressions were performed, but they did not adequately predict arthropod population 
potential (R^<0.20). These correlations show that although weed population density 
explains some of the arthropod population density, other factors not measured in this 
study are also affecting them 
There were no significant differences detected among soybean varieties for any 
of the arthropods populations analyzed (data not shown). There were no significant 
differences observed among varieties or weed management systems for Nitdulidae or 
Poecilus populations. However, significant variety-by-weed interactions (P < 0.05) 
were observed for Nitidulidae and Poecilus populations. 
Comparisoii among Transgenic Soybean Varieties and Three Weed 
Managment Systems. To assess effects of weed management systems specific for the 
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transgenic varieties, comparisons were made among only those varieties that were both 
transgenic and herbicide resistant. 
Weed Management System. Significant differences in weeds present in early 
season (F =237.04; df = 2, 56; [?>/?] = 0.0001), mid season (F =98.60; df = 2, 56; [P > 
F] = 0.0001), and late season {F =191.9; df = 2, 56; [P> F\ = O.OOOl) were observed 
among the three weed management systems (Table 5). More weeds were observed in 
the targeted weed management system {P < 0.05) than the conventional or mechanical 
systems in early season. However, in mid season, only the mechanical system had 
fewer weeds (P < 0.05) than either the targeted or conventional systems. In late season, 
the conventional system had the most weeds. 
In early season, densities of Cicadellidae and Phalangidae were significantly 
greater {P < 0.05) in the targeted weed management system, which also had the most 
weeds, compared to the other systems. This result is in contrast to findings when 
looking at only the two weed management systems where more cicadellids and 
phalangids were foimd in plots with less weeds. However, the phalangid populations 
may have had sufficient weed cover to provide adequate shelter and humidity, thereby 
removing the need to seek them out in the pitfall traps. Also, while several studies 
mentioned previously have shown that some species of cicadellids prefer less weedy 
plots, other studies have shown some cicadellids prefer weedy plots (Andow 1992; 
Batra 1979; Bendixen et al. 1981; Buntin 1988; Cott and Cruz 1988; Lamp et al. 1984; 
Larsen et al. 1990; Synett and Smith 1998; Teson et al. 1985). 
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At mid season, populations of cicadellids also were greater in the targeted 
system than in the other systems. However, the population of phalangids was greatest 
in the targeted and hand weeded systems (JP < 0.05), showing conflicting response to 
weeds. 
There were no significant differences recorded for arthropods in late season 
because of weed management. Also, there were no differences observed because of 
variety for any of the arthropod. However, there was a significant late season variety-
by-weed management interaction with Cicadellidae population density. 
Conclusions 
The objective of this study was to determine whether herbicide tolerant soybean 
systems affect surface-active arthropods. When comparing conventional and hand 
weeded systems, more predators were found in the less weedy, hand weeded system, 
with the exception of Scarites. This finding is in contrast to other studies related to 
arthropods and plant density (Altieri et al. 1981). However the findings of the present 
study are attributed more to food preference and availability of crickets also occurring in 
those systems. Results related to cicadellids were conflicting, indicating that these 
populations are mixed with some species that prefer weeds and some that do not. 
Differences in populations of Phalangidae are hypothesized to be related to 
microclimate. However, this study also indicates that pitfall traps are probably not an 
adequate method for assessing phalangid populations in soybean. 
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These findings are based on data combined from three years of pitfall trapping in 
an Iowa soybean field and they indicate that transgenic herbicide tolerant soybean 
varieties did not seem to substantially impact communities of surface-active arthropods. 
Weed management systems did show effects on populations. However, these effects 
were likely related to changes in food availability and microclimate alterations. 
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Table 1. Weed management systems used in evaluating effects on surface-active 
arthropods. 
Targeted System 
Roundup Ultra® 4S (glyphosate) 1.12 kg[ai]/ha 
Liberty® 1.67SL (glufosinate) + 0.30 kg[ai]/ha + 3.36 k:g[ai]/ha 
ammonium sulfate 
Conventional System 
Pre-emergence 
Frontier® 6EC (dimethenamid) + 
Sencor® 75DF (metribuzin) 
Post-emergence 
Pursuit® 2AS (imazethapyr) + Sun-it 
n® + 28%N 
Cultivations 
1.68 kg[ai]/ha + 0.42 kg[ai]/ha 
0.07 kg[ai]/ha + 2.36 l/ha + 2.36 1/ha 
Control 
Hand Weeded 
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Table 2. Total number of common surface-active arthropods found in this study in Iowa 
soybean. 
Order Family Genus Total collected 
Coleoptera Anthicidae Anthicus NA^ 
Carabidae Anisodactyles 1,613 
Bembidion 2,573 
Cyclotrachelus 16,179 
Harpalus 2,804 
Poecilius 8,586 
Scarites 2,720 
Nitidulidae Glischrochilus 1,874 
Homoptera Cicadellidae 862 
Hymenoptera Formicidae NA" 
Orthoptera Gryllidae Gryllus 29,962 
Araneae^ Lycosidae NA^ 
Opiliones^ Phalangidae 7,905 
^ Indicates taxa not collected in sufficient numbers for comparison. 
^ Indicates members of the Class Arachnida. 
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Table 3. Mean number of arthropods per pitfall trap (+SE) collected and percentage 
weeds present from transgenic and aon-transgenic soybean varieties in two weed 
management systems. 
Weed % 
management Weed Harpalus Scarites Bembidion Cicadellidae Gryllus Phalangidae 
cover 
Early Season 
conventional 5.11 a 1.61 b 1.87 a 0.98 b 0.45 b 4.79 a 1.66 b 
(0.53) (0.24) (0.11) (0.12) (0.07) (0.26) (0.07) 
mechanical 3.24 a 2.35 a 1.45 b 1.69 a 0.83 a 5.10a 1.97 a 
(0.49) (0.37) (0.08) (0.25) (0.11) (0.39) (0.11) 
Mid Season 
conventional 18.7 a 0.48 b 0.61 a 0.37 b 0.11 b 6.47 b 1.37 b 
(0.64) (0.06) (0.03) (0.03) (0.02) (0.21) (0.05) 
mechanical 1.68 b 0.64 a 0.52 b 0.50 a 0.20 a 6.83 a 1.89 a 
(0.14) (0.09) (0.03) (0.06) (0.03) (0.23) (0.06) 
Late Season 
conventional 36.9 a O.Ola 0.11 a 0.13 a 0.01 a 1.95 a 1.30 b 
(1.56) (0.01) (0.02) (0.02) (O.Ol) (0.10) (0.08) 
mechanical 0.61 b 0.02 a 0.14 a 0.12 a 0.03 a 2.22 a 1.97 a 
(0.19) (0.01) (0.02) (0.04) (0.01) (O.Il) (0.12) 
Means followed by the same letter are not significantly different (P>0.05). 
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Table 4. Statistically significant correlations of mean number of insects collected per 
pitfall trap vs percentage weeds observed in transgenic and non-transgenic soybean 
varieties in two weed management systems. 
Percentage Weeds r 
Insect 
Mid Season 
Harpalus spp. -0.035 
Scarites 0.114 
Gryllus pennsylvanicus -0.102 
Phalangidae -0.172 
Late Season 
Phalangidae -0.251 
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Table 5. Mean number of arthropods per pitfall trap (+SE) collected and percentage 
weeds present from three transgenic soybean varieties and three weed management 
systems. 
Weed management % Weed Cicadellidae Phalangidae 
cover 
Early Season 
targeted 61.9 a 1.08 a 2.65 a 
(2.04) (0.22) (0.19) 
conventional 4.9 b 0.44 b 1.68 b 
(0.71) (0.09) (0.12) 
control 3.21 b 0.87 ab 1.92 b 
(0.69) (0.17) (0.14) 
Mid Season 
targeted 19.1 a 0.27 a 1.89 a 
(1.08) (0.05) (0.09) 
conventional 18.9 b 0.11 b 1.46 b 
(0.91) (0.02) (0.07) 
control 1.5 b 0.21 ab 1.80 a 
(0.20) (0.04) (0.08) 
Late Season 
targeted l.OOb 0.03 a 1.63 a 
(0.21) (0.02) (0.15) 
conventional 38.0 a O.Ola 1.52 a 
(2.21) (0.01) (0.14) 
control 0.00 b 0.02 a 1.84 a 
(0.00) (0.01) (0.15) 
Means followed by the same letter are not significantly different (P>0.05). 
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CHAPTER 4. ECONOMIC RETURN IN HERBICIDE-RESISTANT 
IOWA SOYBEANS 
Lamar D. Buckelew, Michael D. Duffy, Larry P. Pedigo, Helen M. Mero, 
Michael D. K. Owen, and Gregory L. Tylka 
Abstract 
Research was begun in 1996 to evaluate economic return in different soybean 
variety and weed management systems. Field plots were located at the Iowa State 
University Bruner Farm, about 2 mi west of Ames, Iowa, from 1996 through 1998. 
Another site at the Iowa State University Northern Research Farm, 1 mi south of 
Kanawha, Iowa, was added to the study in 1997 and 1998. These sites were selected, in 
part, due to their existing populations of the soybean cyst nematode (SCN), Heterodera 
glycines. 
Treatments consisted of six soybean varieties and three weed management 
systems. The soybean varieties included: 1) Roundup Ready® (resistant to glyphosate); 
2) Rovmdup Ready® (SCN) (resistant to glyphosate and soybean cyst nematode); 3) 
Liberty-link® (resistant to glufosinate); 4) STS® (tolerant to sulfonylurea herbicides); 
5) Jack (resistant to SCN); and 6) Kenwood 94 (susceptible to SCN). The weed 
management systems included; 1) targeted herbicide application to the resistant 
varieties; 2) conventional pre-emergence herbicide applications; and 3) weed-free 
control (hand removal of weeds). Targeted herbicide applications were those using the 
appropriate herbicide at the recommended rate on the appropriate transgenic soybean 
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variety. Conventional herbicide applications were those using herbicide and rate 
recommendations supplied by Iowa State Cooperative Extension representing decisions 
that would be made by conventional soybean growers. The conventional weed 
management treatment also was applied to the transgenic varieties so that varietal 
differences could be measured. The weed-free control was used to remove weed 
management effects by variety. 
Yield differences were observed when comparing varieties and weed 
management. These data indicate that a conventional variety and conventional weed 
management system can yield as well and show similar dollar returns on yield as a 
transgenic herbicide resistant variety with a targeted weed management system. 
Introduction 
Iowa ranks first ia the United States in soybean production with more than 10.5 
million acres planted in 1997, resulting in 483 million bushels produced aad more than 
$3 billion income (Iowa Agricultural Statistical Service, 1998). In the last decade, com 
and soybean cropping practices have changed considerably. Indeed, management 
tactics such as shorter cropping rotations, reduced row widths, earlier planting dates and 
herbicide-resistant cultivars all are examples of more recently developed strategies to 
maximize yields. However, growers still struggle with pest management decisions. 
The most serious pest problem that Iowa soybean growers face is competition 
from weeds. In the last decade alone, over 95 percent of the com and soybean acres 
planted in the United Sates have been treated with herbicides (Duffy 1998). Public 
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concern over the effects of pesticides on humans has prompted government and industry 
to search for ways to reduce overall pesticide use and maintain high yields. One of the 
ways proposed to accomplish this goal is through the development of crops that are 
resistant to broad spectrum herbicides, resulting in improved weed control. 
One production system involving transgenic technology is herbicide-resistant 
soybean. The development and marketing of Roundup Ready® soybeans has had the 
most dramatic impact on grower seed selection and weed management in the last few 
years. In 1996, approximately 15-20% of all soybeans planted in Iowa were transgenic 
varieties resistant to Roundup® herbicide (Monsanto communication). In 1997, there 
was an increase to more than 30% and there was continued growth to over 45% of 
soybean acres planted in Iowa through 1998 (Monsanto communication). This growth 
in use of Roundup Ready® soybeans, in addition to the development of varieties 
resistant to other herbicides such as Liberty®, could change the soybean market. 
However, the question remains if this direction is most productive and economical. 
Grower resource allocation, such as choosing which variety to plant and which 
weed management system to use, is dependent on the individual goals of that grower. 
Usually, one of the primary goals is maximizing dollar return per acre of production. 
These emerging weed management strategies related to transgenic crops need to be 
examined closely under varying conditions to better imderstand economic benefits or 
risks that exist with choosing them. With this objective in mind, research began in 1996 
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to examine economic return firom different soybean varieties, including those with 
transgenic herbicide-resistance, and their accompanying weed management systems. 
Materials and Methods 
Field plots were located at the Iowa State University Bruner Farm, about 2 mi 
west of Ames, Iowa, from 1996 through 1998. Another site at the Iowa State University 
Northern Research Farm 1 mi south of Kanawha, Iowa, was added to the study in 1997 
and 1998. These sites were selected, in part, due to their existing populations of the 
soybean cyst nematode (SCN), Heterodera glycines. From preliminary samples, SCN 
egg counts averaged from around 3,000 eggs per 6.1 cu in. at planting to more than 
4,500 at harvest at the Bruner farm and 2,000 at planting to more than 6,500 eggs per 
6.1 cu in. at harvest at the Kanawha Farm site. 
Field plots were 20 by 24 ft at the Bruner site and 20 by 20 ft at the Kanawha 
site. Plots were planted with 30 in. row spacing. The center 10 ft of the middle two 
rows was used for yield data. The remainder of the plot was used for collection of other 
data. 
Treatments consisted of six soybean varieties and three weed management 
systems. The soybean varieties included; 1) Roundup Ready (AG3001)(resistant to 
glyphosate); 2) Roimdup Ready SC (AG2901)(resistant to glyphosate and soybean cyst 
nematode; 3) Liberty-link (A2704LL)(resistant to glufosinate); 4) STS (A2704)(tolerant 
to sulfonylurea herbicides); 5) Jack (conventional variety that is resistant to soybean 
cyst nematode); and 6) Kenwood 94 (conventional variety). The weed management 
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systems included: 1) targeted herbicide applicatioa to the varieties resistant to Roundup 
and Liberty; 2) conventional pre- and post-emergence herbicide applications and 
cultivation; and 3) weed-free control (hand removal of weeds). Weed escapes within 
the control plots were not removed in 1996 but were removed in 1997 and 1998. 
Targeted and post-emergence herbicide applications and cultivations were done 
according to recommendations from Iowa State University Extension Service. 
The soybean varieties resistant to Roundup and Liberty herbicides received each 
of the weed management system treatments. The other varieties received only the 
conventional and weed-free control systems. For this study, STS was considered as a 
conventional variety. Also, specific nematode population areas limited plot size and the 
possible number of treatments. Thus, there were fifteen treatments. The treatments 
were replicated eight times. However, because hand removal of weeds is not 
economically feasible, the control treatments were not included in economic 
comparisons. The treatments were replicated eight times at the Bruner site and six 
times at the Kanawha site. 
In 1996, there was one pre-emergence application of dimethenamid 
(Frontier®)(1.5 lb ai/acre) and metribuzin (Sencor®)( 0.375 lb ai/acre) to the 
conventional plots. This single pre-emergence herbicide application provided adequate 
season-long weed control. Roundup Ready and Liberty-link targeted treatments 
received two herbicide applications throughout the growing season. Glyphosate 
(Roundup®) (1 qt/acre) was applied to the Roundup Ready plots and glufosinate 
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(Liberty®) ( 0.27 lb ai/acre) + ammonium sulfate (3 lb/acre) was applied to the Liberty-
link plots. 
In 1997, the targeted treatments received two herbicide applications, the same as 
in 1996. Conventional plots received the same pre-emergence herbicide application, 
however, a post-emergence application of imazethapyr (Pursuit®)(0.063 lb ai/acre) + 
Sunit II®(lqt/acre) + 28% nitrogen (1 qt'acre) and two cultivations were needed to 
maintain adequate weed control. 
The 1998 season required the same pre-emergence herbicide applications and 
two cultivations at the Bruner location and only the pre-emergence herbicide application 
at the Kanawha location. The targeted applications were applied twice in 1996 and 
twice at Bruner in 1997 with one target application needed in Kanawha. In 1998, two 
applications of Roundup were needed and three applications of Liberty were needed 
while only one targeted for each was needed at the Kanawha location. 
Economic return was calculated using partial budgeting analysis (Kay 1986). 
Original seed counts were used in calculating the number of units needed for planting 
per acre for each variety. Planting rate was 10 seeds/ft of row (174,240 seeds/acre). 
The number of units needed for planting then was multiplied by actual or estimated unit 
costs and respective technology fees (Table 1), where applicable, to obtain seed costs. 
Chemical and application costs used in calculations are given in Table 2. Values of 
$5.00, $6.00, and $7.00 per bushel of soybeans sold at harvest were used in the final 
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calculations of dollar return. These three selling prices were chosen to evaluate if these 
weed management systems were market price sensitive. 
Thus, the general formula used to calculate return yield was; 
Return = (harvest yield)(selling price) - (seed cost + treatment costs) 
Yield and return on yield data were combined from both sites and all years for 
analysis. Data were analyzed for soybean variety and weed management system by 
using analysis of variance (PROC GLM) procedures (SAS Institute 1985). 
Results and Discussion 
Comparison among Transgenic and Non-transgenic Soybean Varieties in 
Two Weed Management Systems. Conventional soybean varieties that are not 
resistant to Roundup or Liberty herbicides could not be treated with those herbicides for 
varietal evaluations. Therefore, to examine soybean variety effects among these 
varieties, comparisons were made using only the conventional weed management 
system. 
Significant differences in yield were observed among varieties (F= 11.10; df= 
5,35; [P>F]= 0.0001) (Table 3). The two varieties that were resistant to SCN (Jack 
and Roundup Ready (SCN)) were the highest yielding (P<0.05). Significant differences 
among varieties were observed in return on yield at each of the three selling prices 
(F=12.96; df = 5,35; [P>F1 = O.OOOl), (F =12.41; df = 5,35; [P > = O.OOOl), and 
(F=12.12; df = 5,35; [P >F] = O.OOOl). 
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The variety Jack had the highest return on yield among any of the varieties at 
each selling price system (P < 0.05). The Roundup Ready variety was the lowest in 
return among the varieties {P < 0.05) because of the price premium on planting seed and 
lower yield. Price sensitivity was undetected at the $5.00 and $6.00 selling prices. 
However, Liberty Link dropped to one of the lowest varieties in return when the selling 
price moved to $7.00. 
These data indicate that while Roundup Ready (SCN) and Jack are the highest 
yielding varieties in fields with SCN, the Jack variety gave the highest return on yield, 
using the conventional weed management system. 
Comparison among Transgenic Soybean Varieties and Three Weed 
Management Systems. To assess efTects of weed management systems specific for 
the transgenic varieties, comparisons were made among only those varieties that were 
herbicide resistant. 
Significant differences were observed in yield because of variety (F= 23.37; df 
= 2,35; [f > = 0.0001) and weed management (F- 28.60; df = 1,35; [P > F] 
=0.0001)(Table4). 
The Roundup Ready (SCN) variety and targeted weed management system had 
the highest soybean yield (P < 0.05). Significant differences also were observed at each 
of the three selling prices for variety [(F=22.68; df = 2,35; [P>F\ =0.0001), (/= 
21.47; df=2,35; =0.0001), (F=2L69; df=2,35; [P>in =0.0001)] and weed 
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management [(F= 143.7; df = 1,35; \P>F\ =0.00010, (F= 126.1; df = 1,35; [P>F] 
=0.0001), (iF= 109; df = 1,35; [P>F\ =0.000l)(Table 4). 
Consistent with the yield results. Roundup Ready (SCN) and the targeted weed 
management system also had the highest return (P < 0.05), showing no price sensitivity 
at any of the selling prices. 
Conclusions 
The objective of this study was to examine the economic benefits and risks 
associated \vith adopting herbicide resistant soybean varieties and their corresponding 
weed management systems. When comparing soybean varieties and relying on 
conventional weed management strategies in SCN-infested fields, the Jack variety gave 
the best yield and return on yield among any of the varieties tested. 
However, when comparing the transgenic varieties. Roundup Ready (SCN) and 
targeted weed management had the best yield and return on yield. This yield and retum 
on yield was almost the same as that of the Jack variety in the strict conventional weed 
management system. 
It is believed that because the differences presented here were observed in data 
combining three years from one location and two years firom another location, they are 
real. These findings show that a conventional variety with conventional weed 
management can yield similarly to a transgenic variety and produce a similar dollar 
amoimt in retum on yield. These results also indicate that while 45% of all Iowa 
soybean acres are planted with the Roimdup Ready variety, other conventional varieties 
69 
may work just as well. This information give growers more options in deciding 
determining theu: own economic risks and benefits associated with these new systems. 
Growers ultimately must decide which of these systems is best for their farming 
operation. 
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Table 1. Seed costs and the number of seeds per pound used in calculating planting cost. 
Soybean variety cost/SO lb 
($) 
seeds/lb 
1996 
SO lb 
units/acre seeds/lb 
1997 
SO lb 
units/acre seeds/lb 
1998 
SO lb 
units/acre 
Roundup Ready 21.50 3852 0.81 2959 1.2 3448 1.01 
Roundup Ready SCN' 21.50 3824 0.82 2730 1.3 3030 1.15 
Liberty Link" 18.50 3730 0.84 2914 1.2 3226 1.08 
STS 14.50 3365 0.93 2906 1.2 3226 1.08 
Jack 11.00 3326 0.94 3272 1.0 3236 1.08 
Kennvood 94 11.00 3411 0.92 2477 1.4 2778 1.25 
" Estimated market cost per 30 lb unit. 
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Table 2. Weed management costs ($) used in calculating economic return. 
Management Item 1996 1997 1998 
Spray application 3.90 /acre 3.95 /acre 4.00 /acre 
Cultivating 5.85 /acre 5.95 /acre 6.20 /acre 
Frontier 81.15/gal 82.10/gal 82.60 /gal 
Sencor 25.44/lb 25.99/lb 19.14/lb 
Roundup 48.39 /gal 51.56/gal 51.53/gal 
Liberty 120.00 /gal 123.06/gal 98.41 /gal 
Ammonium sulfate 0.19 Ab 0.21 /lb 0.25 /lb 
Pursuit NA^ 14.78 / dry oz 14.86 / dry oz 
Sunitll NA^ 14.98 /gal 14.98 /gal 
28% Nitrogen NA^ 0.16/qt 0.16/qt 
^From 1996 and 1997 Iowa Custom Rate Surveys from Iowa State University 
Cooperative Extension Service; Chemical prices provided by Heart of Iowa Cooperative 
Gilbert, lA 
^ Items not applied in 1996. 
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Table 3. Mean yielcl/(+SE) and return on yield/(+SE) from transgenic and non-
transgenic soybean varieties at three different selling prices ($/bu). 
Soybean 
variety Yield $5.00 $6.00 $7.00 
Roundup Ready 37.6 b 113 c 151 c 189 c 
(1.41) (8.72) (10.01) (11.32) 
Roundup Ready 43.9 a 143 ab 187 ab 231 ab 
(SCN)« (1.30) (7.49) (8.63) (9.81) 
Liberty Link 38.9 b 122 be 160 be 199 c 
(1.37) (7.39) (8.58) (9.83) 
STS^ 40.5 ab 136 abc 177 abc 217 abc 
(1.28) (8.97) (10.13) (11.32) 
Jack 44.2 a 157 a 201a 245 a 
(0.99) (6.35) (7.19) (8.06) 
Kenwood 94 38.6 b 127 be 166 be 204 be 
(1.21) (7.98) (9.07) (10.18) 
Means followed by the same letter are not significantly different (P>0.05). 
Denotes a variety that is also resistant to soybean cyst nematode. 
^ Denotes a variety that is tolerant to sulfonyl urea herbicides. 
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Table 4. Mean yield/(+SE) and return'^ on yield/(+SE) from three transgenic soybean 
varieties and two weed management systems. 
Selling Price S/Bu. 
Soybean Seed 
variety Yield $5.00 $6.00 $7.00 
Roundup Ready 39.6 b 138 b 177 b 217 b 
(0.91) (5.88) (6.71) (7.56) 
Roundup Ready 44.7 a 161a 206 a 251 a 
(SCN)« (0.92) (5.32) (6.13) (6.97) 
Liberty Link 40.9 b 137 b 180 b 221 b 
(1.02) (5.65) (6.42) (7.38) 
Weed Management 
Targeted^ 43.4 a 165 a 209 a 253 a 
(0.75) (3.94) (4.48) (5.21) 
Conventional 40.2 b 126 b 166 b 206 b 
(0.82) (4.67) (5.41) (6.16) 
Means followed by the same letter are not significantly different (P>0.05). 
^ Denotes a variety that is also resistant to soybean cyst nematode. 
^ Herbicide application specific for transgenic resistance. 
c Calculated as (harvest yield)(selling price) — (seed cost + treatment costs) 
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CHAPTER 5. IMPACT OF WEED MANAGEMENT SYSTEMS ON 
COLLEMBOLA IN HERBICIDE-RESISTANT SOYBEANS 
Lamar D. Buckelew, Larry P. Pedigo, Royce J. Bitzer, Helen M. Mero, 
Michael D. K. Owen, and Gregory L. Tylka 
Abstract 
The effects of transgenic herbicide resistant soybean varieties and their 
corresponding weed management strategies on Collembola were examined in Iowa from 
1996 to 1997. More than 75,000 Collembola were collected in pitfall traps over two 
growing season in soybean. Four genera from the family Entomobryidae were the most 
numerous, representing over 56% of the total Collembola collected. A single genus 
from Isotomidae was the next most nimierous Collembola recovered, accounting for 
27% of those collected. 
When comparing conventional weed management, targeted weed management, 
and hand weeded systems, population densities of most Collembola genera were greater 
ia the conventional and targeted systems compared to hand weeding. 
These results are attributed to more weeds and less soil disturbance occurring in 
the conventional and targeted systems compared to the hand weeded system. 
Introduction 
Shorter cropping rotations, reduced row widths, earlier planting dates, and 
herbicide-resistant varieties are all examples of how soybean and com cropping 
practices have changed considerably in the last decade. These changes have contributed 
76 
to Iowa ranking first in United States soybean [Glycine max (L.) Merrill] production 
with more than 4.3 million hectares planted in 1997, resulting in more than 13 million 
metric tons produced and more than $3 billion income (Iowa Statistic Service, 1998). 
However, pest management decisions such as weed reduction can be complicated 
because of the availability of several alternative strategies. 
One of the most common methods of weed management is the use of herbicides. 
Indeed, more than 95 percent of the com and soybean acres planted in the United States 
have been treated with herbicides in the last decade alone (Duffy 1998). This prevalent 
use of pesticides in agriculture has increased public health concerns and prompted 
govenraient and industry to search for ways to reduce overall pesticide use while 
maintaining high yields. 
One of the ways proposed to reduce pesticide use is through the development of 
crops that are resistant to broad spectrum herbicides. The possibility of using broad 
spectrum herbicides within the production system could reduce the need for applications 
of different herbicides that are specific for grasses and broadleaves. 
One production system that utilizes broad spectnmi herbicide resistance is 
transgenic soybean. The development and marketing of Roundup Ready® soybean has 
probably had the most dramatic impact on grower seed selection and weed management 
in the last few years. In 1996, approximately 15-20% of all soybeans planted in Iowa 
were transgenic varieties resistant to Roundup® herbicide (Monsanto communication). 
In 1997, predictions were for an increase to more than 30% of soybean acres "with 
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continued growth to over 45% through 1998 (Monsanto communication). This growth 
in use of Roundup Ready soybeans, in addition to the development of varieties resistant 
to other herbicides such as Liberty®, could affect the soybean agroecosystem. While 
considerable work has been done that shows Roundup and Liberty can be effective in 
controlling weeds (Owenet al. 1996), little is known about the impacts of these systems 
on other organisms such as beneficial and pest species in the insect complex. 
The soybean insect complex is composed of hundreds of species, most of which 
are beneficial (Zeiss and Klubertanz 1994). Previous studies have shown that altering 
tillage practices resulting in poorer weed control increases the diversity of insect 
populations within that habitat (Shelton and Edwards 1983). However, tillage practices 
have shown varying affects on humus-forming arthropods such as springtails 
(Collembola). 
Collembola, which are detritovores, are especially important to the 
agroecosystem because they decompose plant residues (Kiss and Jager 1987; Takeda 
1988), and they have been suggested for use as indicators of soil quality (Reddy 1986; 
Stork and Eggleton 1992; Hogervorst et al 1993; Filser 1995; Siepel 1995). While 
subsurface organisms such as earthworms have been well studied, comparatively little is 
known about these mostly surface-dwelling organisms that also help in soil 
humification. In cropping methods where plant residues are not incorporated into the 
soil mechanically, biological organisms that aid in the natural degradation process 
become more important. Collembola, while feeding at or near the soil surface. 
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contribute to organic matter decomposition by fragmenting and conditioning plant 
debris internally before further breakdown after excretion by microorganisms (Potter et 
al. 1990), Some Collembola species also can increase mineralization by feeding on the 
hyphae of selected fungi, while others increase soil humification by scavenging and 
mixing organic material with mineral soil particles (Stork and Eggleton 1992). In fact, 
Hopkin (1997) summarizes experiments that showed microbial enzymatic activity, 
respiration, and rates of nutrient release are stimulated when low to moderate densities 
of Collembola are present. He flirther states that, although it is difficult to determine if 
the absence of Collembola makes a significant difference in the decomposition rate in 
the field, the rate does slow down. 
Previous studies have shown that various herbicide use and tillage practices can 
influence Collembola populations (Fox 1964; Curry 1970; Edwards 1970; Eijsackers 
1975; 1978; Loring et. al 1981; Subagja and Snider 1981; Prasse 1985; Mola et. al 
1987; Badejo and van Straalen 1992). Herbicide use can be durectly toxic to Collembola 
or cause indirect effects such as killing the fungi on which Collembola feed (Hopkin 
1997). Understanding the impact of adopting these systems on soil microorganisms will 
clearly help in understanding affects on environmental quality. Therefore, the objective 
of this study was to examine the potential effects of these systems on springtails. 
Materials and Methods 
Study Location and Experimental Design 
Field studies were canied out in 1996 and 1997 at the Iowa State University 
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Bmner Research Farm near Ames, lA. Plots were 6 by 7.3 m (20 by 24 ft). All plots 
were planted with 76 cm (30 in) row spacing and were arranged according to a 
randomized-complete-block design. 
Treatments consisted of six soybean varieties and three weed management 
systems. The soybean varieties included: 1) Round-up Ready (AG3001)(resistant to 
glyphosate); 2) Roimd-up Ready SC (AG2901)(resistantto glyphosate and soybean cyst 
nematode; 3) Liberty-link (A2704LL)(resistant to glufosinate); 4) STS (A2704)(tolerant 
to sulfonylurea herbicides); S) Jack (conventional variety that is resistant to soybean 
cyst nematode); and 6) Kenwood 94 (conventional variety). The weed management 
systems (Table 1) included: 1) targeted herbicide application to the varieties resistant to 
Roundup and Liberty; 2) conventional pre- and post-emergence emergence herbicide 
applications and cultivation; and 3) hand weeded control. Weed escapes within the 
control plots were not removed in 1996 but were removed in 1997. Targeted and post-
emergence herbicide applications and cultivations were done according to 
recommendations from Iowa State University Extension Service. 
The soybean varieties resistant to Roundup and Liberty herbicides received each 
of the weed management system treatments. The other varieties received only the 
conventional and hand weeded systems. For this study, STS was considered as a 
conventional variety. Also, specific nematode population areas limited plot size and the 
possible number of treatments. Thus, there were fifteen treatments. The treatments 
were replicated eight times. 
80 
Collembola Populations 
Sampling for Collembola was accomplished using pitfall traps. A 15 cm (6-in) 
diameter motorized post-hole auger was used to dig the holes for the traps. The traps 
were arbitrarily placed within the center 4-m (12-ft) of either the third or sixth row of 
each plot. These rows were used to avoid the center two yield rows and to minimize 
statistical variations in numbers of arthropods from immigration from surrounding plots. 
A I5-cm (6-in) long metal sleeve was inserted into the hole, and surrounding soil was 
used to ensure that the sleeve was flush with the soil surface, and that there were no 
cracks in the soil surface surrounding the sleeve. A 125 ml (4 oz) plastic jar containing 
60 ml (2 oz) of propylene glycol then was placed at the bottom of the hole. The 
propylene glycol acted as a killing and preservation solution for collected arthropods. A 
60-cm (24-in) square piece of plastic with 15-cm (6-in) long spikes through each comer, 
for support, was placed over the trap to deflect rain. There was one pitfall trap per plot. 
Jars were collected weekly beginning the week of planting until just before harvest. 
Samples were retumed to the laboratory for processing. Samples were poured through a 
number 10 sieve (2.0 mm porosity) and rinsed with water into a number 325 sieve (45 
Bm porosity) to remove debris and larger insects. The remaining springtails and 
sediment were rinsed into I5mi(0.48oz) test tubes containing a sugar water solution. 
The sugar water solution was a concentration of454 gm (1 lb) per 11 (0.94 qt) which 
causes insects to float to the top of the solution while soil and other particles do not. 
The test tubes then were shaken and centrifijged (7.5 cm diameter; 5,000 r.p.m.) for 2-
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min. Test tubes were removed, the supernatant containing the springtails was poured 
through a number 325 sieve, rinsed with water, and then rinsed into 5-nil (.16-oz) vials 
containing 70% ethanol for storage until identification according to Christiansen and 
Bellinger (1980) under a light microscope. 
Weed Populations 
Weed species were recorded and population percentages of total plot volume, 
considering both soybean and weeds, were visually estimated according to Harvey 
(1993). These estimates then were interpreted as no weed problem, slight, low, 
moderate, severe, or very severe for 0, 5, 10,20,40, and 80%, respectively (Lam and 
Pedigo 1998). There were three estimates in 1996 occurring in mid and late season. 
There were three estimates in 1997, occurring in early, mid, and late season. 
Data Analysis 
Collembola population data were analyzed for effects of soybean variety and 
weed management system by using analysis of variance (PROC GLM) procedures (S AS 
Institute 1985). The growing season was separated into early, mid, and late season and 
each interval was analyzed separately. These intervals reflect seven week periods during 
the growing season. The targeted herbicide treatments were applied diiring the early 
and mid season intervals while the late season interval had no herbicide application. 
Data were separated into 6 by 2 and 3 by 3 factorial designs for analysis according to 
weed management system used. 
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Weed escapes also were analyzed using PROC GLM (SAS Institute 1985) and 
then associated with the Collembola genera using Pearson's correlation procedure. Data 
were transformed Log(X+l) before analysis. Although observed values are presented, 
results of statistical analysis performed are for transformed values. 
Results and Discussion 
Collembola and Weed Species Composition. The total number of the ten most 
common siuface-active Collembola genera are shown in Table 2. The four genera from 
the family Entomobryidae were the most numerous representing over 56% of the total 
Collembola collected. The single genus from Isotomidae was the next most numerous 
accounting for 27% of those collected. 
The majority of weeds found were grasses, however broadleaf weeds also were 
present. Common weed species found were common lambsquarters (Chenopodium 
album L.), pigweed (Amaranthus spp.), yellow foxtail (Setaria (glauca) lutescens L.), 
gisint foxtail {Setaria faberii Herrm.), green foxtail (Setaria viridis (L.) Beauv.), 
Pennsylvania smartweed {Polygonum pensylvanicum L.), large crabgrass (Digitaria 
sanguinalis L.), common cocklebur {Xanthium strumarium L.), quackgrass {Elytrigia 
repens (L.) Nevski), velvet leaf {Abutilon theophrasti Medik.), common purslane 
{Portulaca oleracea L.), wild buckwheat {Polygonum convolvulus L.), and barnyard 
grass {Echinochloa crusgalli (L.) Beauv.). 
Comparison among Transgenic and Non-transgenic Soybean Varieties in 
Two Weed Management Systems. Conventional soybean varieties ±at are not 
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resistant to Roundup or Liberty herbicides could not be treated with those herbicides for 
varietal evaluations. Therefore, to examine soybean variety effects among these 
varieties, comparisons were made using only the conventional and mechanical weed 
management systems. 
Weed Management Systems. No significant differences between conventional 
weed management and hand weeding were observed in weed population density at 
either early, mid, or late season. However, significant differences were detected in 
some Collembola genera population densities (Table 3). 
In the early season samples, population densities of Orchesella were 
significantly greater in the hand weeded system (P < 0.05) compared to the 
conventional system whereas Bourletiella populations were more dense in the 
conventional system compared to the hand weeded control. Detecting more Bourletiella 
in the conventional system is in agreement with other studies that linked vegetation and 
soil disturbance to Collembola populations (Baweja 1939; Thompson 1924; Hazra and 
Choudhuri 1983; Loring et al. 1981; Strickland 1947). However, finding more 
Orchesella in the hand weeded systems is not in agreement to those studies. This 
higher population density can not be readily explained based on the information fiom 
this study. One hypothesis is that increased decaying vegetation because of hoeing 
provided more food for Orchesella which are known to have very diverse feeding habits 
(Chen et al. 1996). 
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At mid and late season, population densities of all Collembola genera that 
showed significant differences because of weed management system were more dense 
in the conventional weed management system (P < 0.05) compared to the hand weeded 
control. Again, these findings are in agreement with those previously mentioned related 
to vegetation and soil moisture. 
No significant differences in populations were observed among soybean 
varieties for any Collembola genus sampled. 
Comparison among Transgenic Soybean Varieties and Three Weed 
Management Systems. To assess effects of weed management systems specific for the 
transgenic varieties, comparisons were made among only those varieties that were 
transgenic/herbicide resistant. 
Weed Management Systems. No significant differences were observed in 
weed population density during early season (Table 4). However, significant 
differences were observed because of weeds present in mid season (F=9.40; df = 2, 56; 
[P> F\ = 0.0003) and late season (F=3.34; df = 2, 56; \P> F\ — 0.0426). The greatest 
weed population density was observed in the targeted weed management system {P < 
0.05) and the lowest density was observed in the mechanical system (P < 0.05) at both 
mid and late season. 
Differences in Collembola population densities from all seemingly follow the 
weed management strategy. In both mid and late season, significantly more Collembola 
were detected in the targeted weed management system (P < 0.05) compared tot he 
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other systems, with the lowest population densities occurring in the hand v^eeded 
system compared to the other systems. These findings are similar to those comparing 
just the two weed management systems and indicate that the presence of more weeds 
and a system that minimizes soil disturbance enhances Collembola densities. 
Correlation analysis was performed on all Collembola genera in this study to 
weed density when weed population densities were detected to be significantly different 
among weed management systems. Sminthurus (r=0.069); [P > /^ == 0.0314), Sinella 
(r=0.125; [/^ > = 0.0002), and Isotoma (r=0.067; [P > /i] = 0.0415) were the only 
genera that could be significantly correlated to weed density (data not shovn) and they 
all had a positive correlation. Linear and quadratic regressions were performed, but 
they did not explain a significant amount of variation in the population densities (R^ < 
0.10). 
No significant differences in populations were observed among soybean 
varieties for any Collembola genus sampled. However, significant variety-by-weed-
management interactions were observed for overall Collembola(F=3.16; df=4, 56; [P 
>F\ = 0.0205), Lepidocyrtus(F =2.S0; df =4, 56; [P > = 0.0343), and Sminthurides 
(F =5.66; df = 4, 56; [P > = 0.0007) at mid season. 
Conclusions 
The objective of this study was to determine whether herbicide-resistant soybean 
systems affect Collembola. All six genera of Collembola were foimd in all weed 
management systems, i.e., no system excluded any genus. When comparing 
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conventional weed management and hand weeded systems, population densities of most 
Collembola genera were more dense in the conventional system compared to hand 
weeding. Findings comparing the transgenic varieties and their corresponding weed 
management systems were similar. 
The results of the present study are attributed to more weeds and less soil 
disturbance occurring in the conventional and targeted system compared to the weekly 
hoeing that occurred in the mechanical system. These findings agree specifically with 
those of Baweja (1939) who reported that hoeing had negative affects on Collembola 
populations. Also, Thompson (1924) reported reductions in Collembola population 
densities after plowing while Strickland (1947) reported downward migrations of 
Collembola in response to vegetation removal and soil drying. 
These findings indicate that some differences because of weed management can 
be observed at the generic level in Collembola. However, because of considerable 
phenological differences that may exist among species, examination at the species level 
may be necessary to fully understand these effects. 
Acknowledgment 
The authors thank Arma Dierickx, Craig Laughlin, Japonica Schooly, Charlotte 
Schmitt, Ian Zeleya, and Jofiel Jiron for their technical assistance in data collection. 
Special thanks to Patxl Hinz (Department of Statistics, Iowa State University) for his 
advice in the statistical analysis, Rayda Krell, Frankie Lam, and Wilmar Morgan for 
suggestions on the manuscript. This research was funded in part by the Iowa and 
87 
Illinois Soybean Promotion Boards. This is Journal Paper J- of the Iowa 
Agricultural and Home Economics Experiment Station, Ames, lA. Project No. 2062 
and supported by Hatch Act and State of Iowa funds. 
References Cited 
Badejo, M. A. and N. M. van Straalen. 1992. Effects of atrazine on growth and 
reproduction of Orchesella cincta (Collembola). Pedobiologia 36:221-230. 
Baweja, K. D. 1939. Studies of the soil fauna, with special reference to the 
recolonization of sterilized soil. Jour. Anim. Ecol. 8:149-161. 
Chen, B., R. J. Snider, and R. M. Snider. 1996. Food consumption by Collembola 
from northern Michigan deciduous forest. Pedobiologia 40:329-361. 
Christiansen, K. and P. Bellinger. 1980. The Collembola of north america: north of 
the rio grande (parts 1-4). Grinnell College, Grinnell, Iowa. 
Curry, J. P. 1970. The effects of different methods of new sward establishment and the 
effects of the herbicides Paraquat and Dalapon on the soil faima. Pedobiologia 10:329-
361. 
Duffy, M. 1998. Developing the next generation of weed management systems: 
economic and social challenges, pp. 371-380. In J. L. Hatfield, D.D. Buhler & B. A. 
Stewart [eds.]. Integrated weed and soU management. Ann Arbor Press, Chelsea, MI. 
Edwards, C. A. 1970. Effects of herbicides on the soil fauna. Proc. 10th Br. Weed 
Control Conf., Brighton, pp. 1052-1062. 
88 
Eijsackers, H. 1975. Effects of the herbicide 2,4,5-T on Onychiuris quadriocellatus 
Gisin (Coll.). In: J. Vanek. [ed.] Progress in Soil Zoology, Academia, Prague, pp. 481-
488. 
Eijsackers, H. 1978. Side effects of the herbicide 2,4,5-T affecting mobility and 
mortality of the springtail on Onychiuris quadriocellatus Gisin (Collembola). Z. 
Angew. Entomol. 86:349-372. 
Filser, J. 1995. Collembola as indicators for long-term effects if intensive 
management. Acta Zoologica Fennica. 196:326-328. 
Fox, C. J.S. 1964. The effects of five herbicides on the number of certain invertebrate 
animals in grassland soils. Can. J. Plant Sci. 44:405-409. 
Freiberg, B. 1990. Du Pont launches herbicide "resistance". AgBiotechnol. News 7 
(4):9, 13. 
Harvey, R. G. 1993. A simple technique for predicting future weed problems. 
Cooperative Extension, University of Wisconsin-Extension A3595. Madison, WI. 
Hazra, A. K., and D. K. Choudhuri. 1983. A study of Collembola communities in 
cultivated and uncultivated sites of West Bengal in relation to three major soil factors. 
Rev. EcoL Biol. Sol. 20(3):385-401. 
Hogervorst, R. F., H. A. Verhoef, and N. M. Van Straalen. 1993. Five-year trends 
in soil arthropod densities in pine forests with various levels of vitality. Biology and 
Fertility of Soils 15:189-195. 
89 
Hopkin, S. P. 1997. Ecology and conservation. In: Biology of the springtails, pp. 158-
183. Oxford University Press, New York. 
Iowa Agricultural Statistic Service. 1998. Historical estimates acreage, average yield 
per acre, and production of soybeans from 1970 to present. 
http ://www.nass.usda.gov/ia/historicA5ns 1970.txt 
Kiss, I., and F. Jager. 1987. Investigation on the role of the soil-mesofauna with litter-
bag method under arable land conditions. Bull, of the Univ. Agric. Sciences, Godollo 
1:99-104. 
Lam, W. F. and L. P. Pedigo. 1998. Response of soybean insect communities to row 
width under crop residue management systems. Environ. Entomol. 27(5): 1069-1079. 
Loring, S. J., R. J. Snider, and L. S. Robertson. 1981. The effects of three tillage 
practices on Collembolaand Acarina populations. Pedobiologia 22:172-184. 
Mola, L., M. A. Sabatini, B. Fratello, and R. Bertolani. 1987. Effects of atrazine on 
two species of Collembola (Onychiuridae) in laboratory tests. Pedobiologia 30:145-149. 
Owen, M. D. K., J. Lux and D. Franzenburg. 1996. Herbicide evaluation research 
report. Iowa State University Publication. 400pp. 
Potter, D. A., M. C. Buxton, C. T. Redmond, C. G. Patterson, and A. J. Pow^ell. 
1990. Toxicity of pesticides to eeirthworms (Oligochaeta: Lumbricidae) and effect on 
thatch degradation in Kentucky Bluegrass turf. J. Econ. Entomol. 83:2362-2369. 
90 
Prasse, 1.1985. Indications of structural changes in the communities of 
microarthropods of the soil in an agro-ecosystem after applying herbicides. Agric. 
Ecosystems Environ. 13:205-215. 
Reddy, M. V. 1986. Soil-inhabiting arthropods as indicators of environmental quality. 
Acta Biologica Hungarica 37:79-84. 
SAS Institute. 1985. SAS user's guide: statistic, version 5 ed. SAS Institute, Gary, 
N.C. 
Shelton, M. D. and C. R. Edwards. 1983. Effects of weeds on the diversity and 
abundance of insects in soybeans. Environ. Entomol. 12:296-298. 
Siepel, H. 1995. Applications of microarthropod life-history tactics in nature 
management and ecotoxicology. Biology and Fertility of Soils, 19:75-83. 
Stork, N. £., and P. Eggleton. 1992. Invertebrates as determinants and indicators of 
soil quality. Am. J. Alternative Agric. 7 (l/2):38-47. 
Strickland, A. H. 1947. The soil fauna of two contrasted plots of land in Trinidad, 
British West Indies. Jour. Anim. Ecol. 16:1-10. 
Subagja, J., and R. J. Snider. 1981. The side effects of the herbicides atrazine and 
paraquat upon Fo/jom/a Candida and Tullbergia granulata (Insecta: Collembola). 
Pedobiologia 22:141-152. 
Takeda, H. 1988. A 5 year study of pine needle litter decomposition in relation to mass 
loss and faunal abundance. Pedobiologia 32:221-226. 
91 
Thompson, M. 1924. The soil population: an investigation of the biology of the soil in 
certain districts of Aberystwyth. Ann. Appl. Biol. 11:349-394. 
Zeiss, M. R., and T. H. Klubertanz. 1994. Sampling programs for soybean arthropods, 
pp. 539-601. In L, P. Pedigo and G. D. Buntin (eds.). Handbook of Sampling Methods 
for Arthropods in Agriculture, CRC Press, Boca Raton. 
92 
Table 1. Weed management systems used in evaluating effects on Collembola. 
Targeted System 
Roundup Ultra® 4S (glyphosate) 1.12 kg[ai]/ha 
Liberty® 1.67SL (glufosinate) + 0.30 kg[ai]/ha + 3.36 kg[ai]/ha 
ammonium sulfate 
Conventional System 
Pre-emergence 
Frontier® 6EC (dimethenamid) + 
Sencor® 75DF (metribuzin) 
Post-emergence 
Pursuit® 2AS (imazethapyr) + Sun-it 
II® + 28%N 
Cultivations 
1.68 kg[ai]/ha + 0.42 kg[ai]/ha 
0.07 kg[ai]/ha + 2.36 1/ha + 2.361/ha 
Control 
Hand Weeded 
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Table 2. Totals of the most common surface active Collembola collected in pitfall traps 
in Iowa soybean from 1996-1997. 
Family Subfamily Genus 
Total number 
collected 
Entomobryidae Entomobryinae Entomobrya 5,217 
Lepidocyrtus 16,333 
Simlla 10,428 
Orchesellinae Orchesella 10,083 
Isotomidae Isotoma 19,988 
Tomoceridae Tomocerus 328 
Sminthuridae Bourletiellinae Bourletiella 6,426 
Katianninae Sminthurinus 761 
Sminthuridinae Sminthurides 4,204 
Sminthurinae Sminthurus 691 
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Table 3. Mean number of Collembola per pitfall trap (+SE) collected from transgenic 
and non-transgenic soybean varieties in two weed management systems. 
Weed Collembola Lepidocyrtus Orchesella Tomocerus Isotoma Bourletiella 
management 
Early Season 
conventional 208.18 a 0.52 a 10.22 b 0.08 a 0.62 a 36.65 a 
(26.33) (0.03) (1.68) (O.Ol) (0.05) (6.15) 
control 172.53 a 0.56 a 12.42 a 0.07 a 0.58 a 20.79 b 
(19.9) (0.03) (1.88) (0.01) (0.05) (3.22) 
Mid Season 
conventional 110.73 a 9.49 a 0.41 a 0.21 a 0.51 a 14.05 a 
(7.73) (0.58) (0.02) (0.02) (0.02) (1.95) 
control 90.97 b 6.79 b 0.43 a 0.13 b 0.47 a 6.95 b 
(5.71) (0.35) (0.02) (0.02) (0.02) (0.94) 
Late Season 
conventional 84.46 a 21.92 a 0.39 a 0.16 a 3.39 a 0.08 a 
(4.47) (2.02) (0.02) (0.04) (0.56) (0.02) 
control 69.65 b 13.95 b 0.38 a 0.07 b 1.91 b 0.04 a 
(3.29) (1.05) (0.02) (0.02) (0.26) (0.01) 
Means followed by the same letter are not significantly different (P>0.05). 
Table 4. Mean number of Collembola per pitfall trap (+SE) collected an percentage weeds present from transgenic and non-
transgenic soybean varieties in three weed management systems. 
Weed % Weed Collembola Lepidocyrtus Orchesella Sminthurus Sinella Isotoma Sminthurides 
management 
Early Season 
targeted 22.4 a 277.1 a 0.51 a 0.66 a 0.15 a 0.46 a 0.70 a 0.28 a 
(2.55) (52.8) (0.04) (0.07) (0.02) (0.06) (0.08) (0.04) 
conventional 13.3 a 203.5 a 0.53 a 0,64 a 0.19 a 0.46 a 0.65 a 0.24 a 
(1.94) (36.7) (0.04) (0,06) (0.06) (0,05) (0.08) (0.04) 
control 10.3 a 173.7 a 0.56 a 0,66 a 0.21 a 0,42 a 0.58 a 0.23 a 
(1.77) (28,4) (0,04) (0,07) (0.03) (0,05) (0.07) (0.04) 
MidSeason 
targeted 11.4 a 138.9 a 9.59 a 7.26 a 0.45 a 7,38 a 18.3 a 3.84 a 
(0.99) (14.6) (0.69) (1.13) (0.05) (0.50) (3,61) (0.55) 
conventional 6.51 b 106.9 b 9.07 ab 4.17 b 0.35 b 5.30 b 10.6 b 2.03 b 
(0.66) (10.67) (0.75) (0.61) (0.05) (0.37) (1.76) (0.22) 
control 4.45 c 89.9 b 6.56 b 5.21 b 0,38 ab 5.01 b 8.90 b 1.79 b 
(0.58) (8.22) (0,47) (0.81) (0,06) (0.37) (1.82) (0.18) 
Lale Season 
targeted 5.23 a 84.7 a 16,5 ab 0.40 a 0,03 a 6.32 a 0.45 a 0.38 a 
(M3) (4.72) (1,58) (0.03) (0,01) (0.55) (0,04) (0.04) 
conventional 1,26 b 81.5 a 20,8 a 0.38 a 0,03 a 5.75 b 0.40 a 0.37 a 
(0.43) (5.78) (2,57) (0.03) (0,01) (0.66) (0.04) (0.04) 
control 0.23 c 66.6 b 13,61 b 0.38 a 0.02 a 4.85 b 0.34 a 0.31 a 
(0.09) (3.75) (1.40) (0.03) (0.01) (0.46) (0.04) (0.03) 
Means followed by the same letter are not significantly different (P>0.05). 
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CHAPTER 6. GENERAL CONCLUSIONS 
Pest tnanagement strategies involving weed suppression in agroecosystems have 
changed considerably in the last few years. With advances in biotechnology, soybean 
varieties have been developed that are resistant to some broad-spectrum herbicides. 
Studies were conducted from 1996 through 1998 to better understand the effects of 
these new varieties and their weed management systems on arthropods and to assess the 
economics of adopting these systems. The specific objectives of this study were to (1) 
examine the potential effects of new herbicide-resistant systems on canopy insects; (2) 
examine the effects of these weed management systems on surface-active arthropods; 
and (3) better imderstand the economic risks and benefits associated with adopting 
these systems. 
Studies were conducted at two locations in Iowa in 1997 and 1998 to examine 
the effects of transgenic, herbicide-resistant soybean varieties and their weed 
management systems on canopy-inhabiting insects. Usually, weed management systems 
that allow more weed escapes also have larger insect population densities. However, 
systems with fewer weeds seemingly were preferred by potato leafhoppers. Bean leaf 
beetles and potato leafhoppers showed preferences for certain varieties, but this was 
attributed to soybean plant height. 
These findings indicate that while the transgenic varieties did not seem to 
strongly affect insect populations, weed management systems can affect insect 
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populations in soybean. This effect seems to be related to the ability of the weed 
management system to suppress the weed population. 
During the two years of this study, insect populations did not reach economic 
levels at either location. However, it is believed that because the differences presented 
were detected in data combined from both locations over two years, they are real. 
Consequently, in years where environmental conditions encourage larger insect 
populations, these differences may be amplified and have the potential to produce 
differential impacts on soybean yield. 
Pitfall traps were collected weekly from 120 research plots in a soybean field 
throughout the growing season from 1996 though 1998 to assess the impacts of 
herbicide-resistant weed management systems and varieties on surface active 
arthropods. No differences were observed for any arthropod taxa among soybean 
variety. However, when comparing conventional weed management system and the 
hand weeded control, more predators were found in the control, with the exception of 
the grovmd beetle Scarites. The finding of more predators in plots with less weeds is 
attributed more to food preference and availability of crickets also occurring in those 
systems. Differeing results related to cicadellids indicated that these populations aie 
varied, with some species that prefer weeds and some that do not. 
Differences within population densities of phalangids, which were also varied, 
are hypothesized to be related to the microclimate. These inconsistent differences 
indicate that pitfall trapping may not be an adequate method for assessing population 
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density of phalangids in soybean fields. These findings are based on data combined 
from three years of pitfall trapping in an Iowa soybean field and they indicate that 
transgenic herbicide tolerant soybean varieties did not seem to substantially impact 
communities of surface-active arthropods. However, weed management systems did 
show effects on populations, and these effects likely were related to changes in food 
availability and microclimate alterations. 
The economics of adopting these new weed management systems was evaluated 
by partial budgeting analysis of the different varietal yields and input costs associated 
with them. Yield differences were observed when comparing varieties and weed 
management. These data indicated that a conventional soybean variety with a 
coaventional weed management system can yield as well and show similar retum on 
yield as a transgenic variety. 
Over 75,000 Collembola were collected in pitfall traps over two growing 
season in soybean. Four genera from the family Entomobryidae were the most 
nximerous, representing more than 56% of the total Collembola collected. A single 
genus from Isotomidae was the next most numerous, accounting for 27% of those 
collected. 
When comparing hand weeded and conventional management systems, 
populations of most Collembola genera are more dense in the conventional system than 
in the system with hand weeding. Findings comparing transgenic varieties were similar. 
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These results are attributed to more weeds and less soil disturbance occurring in the 
conventional and targeted systems compared to the hand weeded control. 
The studies in this dissertation investigated the effects on arthropods of new 
weed management systems that now constitute over 50% of all soybean grown in Iowa. 
The economics of adopting these systems also was assessed. The new soybean varieties 
seemingly did not have a substantial impact on arthropods, however, the weed 
management systems did have an effect. These effects are hypothesized to occur 
because of habitat disruption and food preference. The adoption of these new weed 
management systems was found to be economically beneficial only imder certain 
circimistances. 
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